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Description 

The  present  invention  relates  to  an  integrated  key- 
board  and  pointing  device  system. 

BACKGROUND  OF  THE  INVENTION 

The  QWERTY  keyboard  is  entrenched  as  the  pre- 
ferred  device  for  typing  alpha-numeric  data  into  a  com- 
puter.  Various  apparatus  and  methods  are  known  for 
pointing  operations,  such  as  selecting  text,  on  a  CRT 
display.  Devices  for  that  purpose  include  the  mouse,  joy- 
stick,  step  keys  and  text  keys.  Keyboards  are  known 
which  include  a  joystick,  joydisk  or  other  pointing  device 
mounted  on  the  keyboard.  However,  a  separate  mouse 
has  been  shown  to  be  the  most  effective  pointing  device 
with  respect  to  operating  time,  error  rate  and  the  like. 
Th  is  accounts  for  its  widespread  acceptance  in  the  com- 
puter  industry. 

Use  of  a  conventional  keyboard  and  a  discrete 
mouse  for  entering  typing  and  pointing  information,  re- 
spectively,  into  a  computer  require  physical  and  mental 
disruptions  that  significantly  reduce  a  user's  productivi- 
ty.  For  example,  typing  on  a  keyboard  and  pointing  with 
a  mouse  require  the  user  frequently  to  move  the  hands 
back  and  forth  between  the  keyboard  and  the  mouse. 
One  research  paper  reports  that  it  takes  about  0.36  sec- 
onds  to  move  a  hand  from  the  keyboard  onto  a  mouse 
and  additional  time  to  adjust  the  grasp  for  operating  the 
mouse  buttons.  Time  to  return  to  the  keyboard  must  be 
considered  as  well.  The  data  suggests  that  the  total  time 
spent  moving  to  and  from  the  mouse  is  greater  than  one 
second  per  occurrence.  See  S.K.  Card,  et  al,  "Evalua- 
tion  of  Mouse,  Rate-Controlled  Isometric  Joystick,  Step 
Keys,  and  Text  Keys  for  Text  Selection  on  a  CRT"  (Xerox 
Palo  Alto  Research  Center),  published  in  Ergonomics, 
Vol.2,  No.8,  601-613  (1978). 

These  movements  between  keyboard  and  mouse 
are  disruptive  physically  because  of  the  distances  and 
side  to  side  arm  motions  typically  required.  These  move- 
ments  are  disruptive  mentally  because  of  the  time  the 
movements  take,  because  of  the  dramatic  shift  in  phys- 
ical  activity  (typing  on  a  keyboard  is  very  unlike  pointing 
with  a  mouse),  and  because  of  many  mental  and  phys- 
ical  steps  required  to  perform  the  movements.  Each  ad- 
ditional  step  requires  physical  and  mental  effort  and  is 
an  opportunity  for  error. 

U.S.  Patent  No.  4,712,101  describes  a  cursor  posi- 
tioning  device  which  may  be  positioned  on  a  keyboard 
below  the  space  bar.  Such  a  device  has  been  an- 
nounced  under  the  trade  name  Isopoint.  The  Isopoint 
device  includes  a  finger  or  thumb  actuated  roller  cou- 
pled  to  a  rotary-shaft  encoder  for  indicating  position 
change  in  a  first  direction.  The  roller  rests  in  a  sliding 
cradle  which  drives  a  second  encoder.  Such  a  device  is 
awkward  to  operate,  especially  for  diagonal  cursor 
movement,  because  of  the  required  combination  of  roll- 
ing  and  sliding  actions.  Additionally,  the  sliding  cradle 

has  fixed  end  points  which  impose  discontinuities  in  its 
operation. 

Another  pointing  device  which  can  be  embedded  in- 
to  a  conventional  keyboard  for  cursor  control  in  the  Om- 

5  niPointtm  cursor  controller,  announced  by  Osiris  Tech- 
nologies,  Inc.,  Nevada  City,  Ca.  Omnipoint  essentially 
includes  a  miniature  joystick  and  associated  interface 
electronics.  The  joystick  may  be  mounted  in  a  keyboard 
adjacent  the  standard  array  of  keys.  Its  use  of  course 

10  requires  moving  the  hand  away  from  the  usual  typing 
position. 

Both  the  Isopoint  and  Omnipoint  devices  include  an 
embedded  switch  so  that  the  user  can  press  the  device 
downward  (into  the  keyboard)  to  emulate  a  mouse  but- 

15  ton  "click"  or  dragging  operation.  Such  devices  therefore 
can  emulate  at  best  only  a  single  button  mouse. 

U.S.  Patent  No.  4,680,577  to  Straayer,  et  al.,  which 
corresponds  to  the  pre-characterising  part  of  claim  1  , 
shows  a  multipurpose  keyswitch  disposed  within  a  key- 

20  board  array  for  controlling  cursor  movement  on  a  CRT 
display  and  for  character  entry.  One  of  the  standard  al- 
pha  keys  is  replaced  with  the  multipurpose  keyswitch. 
An  additional  keyswitch  is  suggested  for  activating  the 
cursor  positioning  capabilities  of  the  multipurpose  key- 

25  switch.  The  '577  patent  does  not  disclose  a  practical 
way  to  implement  and  use  such  a  system.  Additionally, 
that  patent  does  not  address  how  to  input  any  pointing 
event  information,  for  example  mouse  button  actions 
("clicking"),  so  that  system  cannot  substitute  for  a 

30  mouse.  What  is  needed  is  a  practical  method  of  allowing 
a  user  to  type  and  point  without  moving  the  hands  away 
from  the  usual  typing  position  and  without  dramatically 
changing  the  physical  activity. 

Prior  art  methods  of  pointing  and  typing  assumed 
35  these  disruptions  and  incorporated  them  as  limitations 

in  computers,  keyboards,  pointing  devices,  and  soft- 
ware.  Typing  and  pointing  were  perceived  as  distinct 
and  irreconcilable  activities. 

As  a  result,  there  is  considerable  duplication  of 
40  hardware  and  software.  For  example,  the  buttons  on  a 

mouse  are  required  because  pointing  has  been  per- 
ceived  as  very  different,  mentally  and  physically,  from 
tvping.  Since  pointing  is  so  different,  the  hardware  and 
software  are  duplicated,  reinforcing  the  separation.  For 

45  example,  the  buttons  on  a  mouse  are  duplications  be- 
cause  there  are  plenty  of  keys  on  the  keyboard  that  gen- 
erally  are  not  being  used  while  the  mouse  is  being  used. 
What  is  needed  is  a  pointing  device  system  that  elimi- 
nates  the  restrictions  and  the  duplications  of  present 

so  systems,  while  maintaining  the  same  software  interface 
to  application  programs  for  complete  compatibility. 

Many  known  pointing  devices  also  have  physical 
limitations  on  the  number  of  buttons  they  can  have. 
These  limitations  severely  limit  the  range  of  actions  the 

55  user  can  take  while  pointing.  One  commercial  product 
that  attempts  to  add  additional  buttons,  called  the  Pow- 
erMouse  100,  integrates  a  two-button  mouse  with  forty 
programmable  keys,  resulting  in  a  large,  cumbersome 
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device  that  is  difficult  to  use.  What  is  needed  is  to  allow 
the  user  to  keep  the  hands  on  the  keyboard  while  point- 
ing,  and  simultaneously  allow  the  user  to  input  other 
pointing  related  data  or  "pointing  events,"  presently  in- 
put  by  mouse  buttons,  but  again  without  moving  the 
hands  from  the  usual  typing  position. 

Another  problem  overlooked  in  the  prior  art  is  that 
of  visually  locating  the  cursor  image  on  a  display  screen. 
Each  time  a  user  stops  typing  and  grasps  a  mouse  to 
point,  he  has  to  search  the  display  screen  visually  for 
the  cursor,  or  actuate  the  pointing  device  in  such  a  way 
that  the  moving  cursor  will  be  noticed.  These  methods 
are  time  consuming  and  may  be  disruptive.  If  the  cursor 
image  is  mostly  off  screen,  it  can  be  extremely  difficult 
to  locate  the  cursor.  In  some  cases,  just  one  pixel  is 
showing.  With  some  software,  moving  the  cursor  onto 
certain  areas  of  the  screen  indicates  the  desire  for  a  par- 
ticular  action  to  be  taken.  If  the  user  does  not  wish  this 
action  to  be  taken,  they  must  perform  additional  steps 
to  cancel  the  implied  indication.  What  is  needed  is  for 
the  user  to  immediately  detect  the  location  of  the  cursor 
on  the  screen  at  the  time  pointing  begins. 

Known  methods  of  repositioning  a  cursor  in  re- 
sponse  to  signals  from  a  pointing  device  do  not  com- 
pensate  for  the  many  different  modes  and  resolutions 
of  available  display  systems.  Two  programs  that  config- 
ure  the  display  system  differently  may  exhibit  different 
apparent  cursor  repositioning  responses  to  the  same 
pointing  device  signals.  What  is  needed  is  a  method  of 
cursor  repositioning  that  compensates  for  changes  in 
the  display  system  so  that  the  same  action  performed 
by  the  user  with  the  pointing  device  will  produce  a  similar 
result  independent  of  changes  in  the  display  system. 

Adjusting  cursor  speed  is  another  clumsy  and  time 
consuming  action.  Known  methods  of  changing  cursor 
speed  introduce  discontinuities  that  seriously  disrupt  the 
user's  work  flow.  As  a  result,  many  people  simply  toler- 
ate  an  inappropriate  and  therefore  inefficient  cursor 
speed  because  it  is  too  cumbersome  and  too  burden- 
some  to  change  it. 

For  example,  a  typical  mouse  requires  that  the  user 
first  stop  the  application  program  in  progress,  and  then 
execute  a  special  mouse  speed  changing  program, 
where  the  speed  is  specified  by  typing  in  a  number.  The 
resulting  cursor  speed  cannot  be  observed  until  the  ap- 
plication  program  is  restarted.  The  user  may  find  anoth- 
er  adjustment  is  necessary  and  have  to  repeat  the  proc- 
ess. 

Other  known  methods  involve  pressing  keyboard 
keys  and  mouse  buttons  simultaneously,  but  these 
schemes  are  not  continuous  and  interfere  with  the  op- 
eration  of  certain  application  programs.  What  is  needed 
is  to  afford  a  user  fast,  interactive  ways  to  control  cursor 
speed  without  significant  interruption  of  work  in 
progress. 

SUMMARY  OF  THE  INVENTION 

It  is  an  object  of  the  present  invention  to  allow  a 
computer  user  to  type  and  to  point  without  removing  the 

5  hands  from  the  home  row  (asdf-jkl;  J  of  the  keyboard,  and 
without  dramatically  changing  the  physical  activity. 

Another  object  of  the  invention  is  to  reduce  the  re- 
strictions  in  operation  and  the  duplications  of  hardware 
and  software  found  in  present  computer  systems,  while 

10  maintaining  a  standard  software  interface  to  existing 
programs  for  compatibility. 

Another  object  of  the  invention  is  to  allow  the  user 
to  keep  the  hands  on  the  keyboard  while  pointing,  si- 
multaneously  allowing  the  user  to  conveniently  input 

is  pointing  related  data  or  "pointing  events",  again  without 
moving  the  hands  from  the  usual  typing  position. 

According  to  one  aspect  of  the  present  invention  as 
defined  in  claim  7  there  is  provided  a  method  of  inputting 
data  to  a  computer  using  an  integrated  keyboard  and 

20  pointing  device  system  having  a  typing  mode  of  opera- 
tion  and  comprising  a  keyboard  with  an  array  of  alpha- 
numeric  keyswitches,  one  of  the  keyswitches  having 
sensing  means  coupled  thereto  for  sensing  lateral  dis- 
placements  of  one  of  the  keyswitches,  the  method  com- 

25  prising:  scanningthearraytodetectactuationof  the  key- 
switches;  and  when  system  is  in  the  typing  mode,  initi- 
ating  keycode  signals  for  inputting  alpha-numeric  infor- 
mation  to  the  computer  on  actuation  of  respective  ones 
of  the  keyswitches,  characterised  by  the  system  further 

30  having  a  pointing  mode  of  operation  in  which  at  least 
one  of  the  keyswitches  is  designated  for  effecting  one 
of  a  pointing  event  function  and  a  modify  operation  func- 
tion,  and  by  the  method  further  comprising;  when  the 
system  is  in  the  pointing  mode,  effecting  one  of  a  point- 

35  ing  event  function  and  a  modify  operation  function  on 
actuation  of  at  least  one  designated  keyswitch  and  in- 
putting  to  the  computer  pointing  data  acquired  from  the 
sensing  means. 

According  to  another  aspect  of  the  present  inven- 
40  tion  as  defined  in  claim  1  ,  there  is  provided  an  integrated 

keyboard  and  pointing  device  system  for  inputting  data 
to  a  computer,  the  system  having  a  typing  mode  of  op- 
eration  and  comprising:  a  keyboard  with  an  array  of  key- 
switches,  one  of  the  keyswitches  having  sensing  means 

45  coupled  thereto  for  sensing  lateral  displacements  of  one 
of  the  keyswitches;  means  for  scanning  the  array  to  de- 
tect  actuation  of  the  keyswitches;  and  means  for  initiat- 
ing  keycode  signals  for  inputting  alpha-numeric  informa- 
tion  to  the  computer  on  actuation  of  respective  ones  of 

so  the  keyswitches  when  the  system  is  in  the  typing  mode, 
characterised  by  the  system  further  comprising:  means 
for  selecting  for  the  system  one  at  a  time  of  the  typing 
mode  of  operation  and  a  pointing  mode  of  operation  in 
which  at  least  one  of  the  keyswitches  is  designated  for 

55  effecting  one  of  a  pointing  event  function  and  a  modify 
operation  function;  means  for  effecting  one  of  a  pointing 
event  function  and  a  modify  operation  function  on  actu- 
ation  of  at  least  one  designated  keyswitch  when  the  sys- 

3 
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tem  is  in  the  pointing  mode;  and  means  for  inputting  to 
the  computer  when  the  system  is  in  the  pointing  mode 
pointing  data  acquired  from  the  sensing  means. 

According  to  the  present  invention,  a  single,  inte- 
grated  keyboard  system  is  provided  for  inputting  all  typ-  s 
ing  and  pointing  information  to  a  computer  without  mov- 
ing  the  hands  from  the  usual  typing  position.  One  of  the 
keyboard  keys,  called  the  pointing  key,  has  sensors  cou- 
pled  to  it  to  acquire  pointing  direction  data  from  lateral 
displacement  of  the  pointing  key.  10 

The  new  system  has  a  typing  mode  of  operation  and 
a  pointing  mode.  In  the  typing  mode,  key  codes  corre- 
sponding  to  actuated  keyswitches  are  forwarded  to  the 
operating  system  in  the  usual  fashion.  In  the  pointing 
mode,  operation  of  the  entire  keyboard  is  changed.  All  15 
of  the  keys  become  available  for  new  functions. 

One  or  more  of  the  keys  may  be  assigned  as  a 
pointing  event  key,  for  inputting  information  which  would 
come  from  mouse  buttons  in  a  segregated  system.  Oth- 
er  keys  may  be  assigned  various  meanings  for  modify-  20 
ing  operation  of  the  system,  such  a  cursor  speed  control, 
macros,  etc. 

Cursor  movement  is  implemented  in  the  pointing 
mode  by  reading  sensor  data  from  the  pointing  key, 
mapping  the  data  to  form  cursor  displacement  data,  and  25 
scaling  the  displacement  data  according  to  a  speed  in- 
dex.  Keys  may  be  assigned  for  changing  the  speed  in- 
dex,  and  therefore  the  apparent  cursor  speed,  at  any 
time.  This  allows  speed  control  interactively  and  without 
leaving  an  application  program.  30 

The  cursor  mapping  may  be  done  by  algebraic  ma- 
nipulation  of  the  sensor  data  according  to  a  predeter- 
mined  tracking  algorithm,  or  by  lookup  tables.  The  new 
system  also  allows  detecting  the  display  mode,  for  ex- 
ample  character  or  graphics  mode,  and  altering  cursor  35 
speed  accordingly  to  optimize  control. 

The  foregoing  and  other  features  and  advantages 
of  the  invention  will  become  more  readily  apparent  from 
the  following  non-limitative  detailed  description  of  a  pre- 
ferred  embodiment  which  proceeds  with  reference  to  40 
the  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  an  illustration  of  a  prior  art  computer  sys-  45 
tem  that  includes  a  keyboard  and  a  mouse  pointing  de- 
vice. 

FIG.  2  is  a  high  level  block  diagram  of  a  prior  art 
computer  keyboard. 

FIG.  3  is  a  prior  art  computer  keyboard  processing  so 
flow  chart. 

FIG.  4  is  a  prior  art  high  level  system  block  diagram 
of  the  software  elements  involved  in  processing  key- 
board  data. 

FIG.  5  is  a  control  flow  diagram  for  a  prior  art  com-  55 
puter  keyboard  interrupt  handler  system. 

FIG.  6  is  a  high  level  system  block  diagram  of  prior 
art  software  elements  involved  in  processing  pointing 

device  data. 
FIG.  7  is  a  system  block  diagram  of  a  prior  art  com- 

puter  system  of  the  type  illustrated  in  FIG.  1  . 
FIG.  8  is  user  flow  chart  illustrating  the  control  flow 

of  a  computer  user's  decisions  and  actions  while  using 
a  prior  art  computer  system  of  the  type  illustrated  in  FIG. 
1. 

FIG.  9  is  a  high  level  block  diagram  of  the  hardware 
elements  of  an  integrated  keyboard  and  pointing  device 
system  according  to  the  present  invention. 

FIG.  10  is  a  flow  chart  showing  the  high  level 
processing  control  flow  for  the  integrated  computer  key- 
board  and  pointing  device  system  of  FIG.  9. 

FIG.  11  is  a  system  block  diagram  of  a  computer 
system  that  includes  an  integrated  keyboard  and  point- 
ing  device  of  the  type  illustrated  in  FIG.  9. 

FIG.  12  is  a  flow  chart  of  integrated  interface  soft- 
ware  for  implementing  the  integrated  keyboard  and 
pointing  device  of  FIGS.  9-11. 

FIG.  1  3  is  a  user  flow  chart  illustrating  control  flow 
of  a  computer  user's  decisions  and  actions  while  using 
a  computer  system  of  the  type  shown  in  FIGS.  9-12. 

FIG.  14  is  a  user  flow  chart  illustrating  control  flow 
of  a  computer  user's  decisions  and  actions  while  using 
an  integrated  pointing  device  speed  control  according 
to  the  present  invention. 

FIG.  15  is  an  enlarged,  perspective  view  of  a  space 
bar  on  a  conventional  keyboard  modified  to  include  a 
thumb  switch  in  the  front  face  of  the  space  bar. 

FIG.  16  is  an  enlarged,  perspective  view  of  a  pair 
of  thumbswitches  positioned  in  front  of  the  space  bar  on 
a  keyboard. 

DETAILED  DESCRIPTION  OF  A  PREFERRED 
EMBODIMENT 

The  present  invention  is  best  understood  with  ref- 
erence  first  to  the  prior  art.  FIG.  1  illustrates  a  prior  art 
computer  system.  The  prior  art  system  includes  a  com- 
puter  28,  a  keyboard  24  for  inputting  character  data  to 
the  computer,  a  pointing  device  26  for  inputting  graphic 
data  to  the  computer,  and  a  display  terminal  29  for  dis- 
play  of  data  output  by  the  computer.  The  "arrow"  25 
points  to  the  row  of  keys  containing  the  home  row  keys 
of  the  keyboard  24.  The  keyboard  is  coupled  to  the  com- 
puter  by  a  communications  link  36.  The  pointing  device 
is  coupled  to  the  computer  by  a  pointing  device  commu- 
nications  link  23.  The  pointing  device  26  may  be,  for  ex- 
ample,  a  mouse  that  includes  one  or  more  mouse  but- 
tons  27.  The  pointing  device  generally  is  used  to  position 
and  to  move  the  cursor,  as  more  fully  explained  below. 

FIG.  2  is  a  block  diagram  of  the  keyboard  24  em- 
ployed  in  the  system  of  FIG.  1.  The  keyboard  24  in- 
cludes  an  array  32  of  keyswitches,  of  which  keyswitch 
30  is  an  example.  The  keyswitches  in  array  32  are  ar- 
ranged  in  rows  and  columns  to  facilitate  scanning  the 
keyboard.  A  microprocessor  system  34  includes  hard- 
ware  for  electrically  interfacing  the  keyswitch  array  32 

4 
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to  a  microprocessor  within  the  system  34. 
In  operation,  microprocessor  system  34  scans  the 

rows  and  columns  of  array  32  to  detect  closures  and 
openings  of  keyswitches.  Upon  detection  of  a  closure 
or  an  opening  of  a  keyswitch,  the  microprocessor  sys- 
tem  34  transmits  a  code  unique  to  the  closed  or  opened 
keyswitch  via  a  keyboard  communications  link  36  to  the 
computer  (28  in  FIG.  1). 

Referring  now  to  FIG.  3,  a  high  level  processing 
control  flow  diagram  for  the  keyboard  of  FIG.  2  is  depict- 
ed  to  more  specifically  illustrate  the  creation  and  trans- 
mission  of  keyboard  data  to  the  computer.  In  FIG.  3,  an 
initialize  step  42  tests  microprocessor  system  (34  in 
FIG.  2)  and  initializes  the  keyboard  software  state. 

After  initialization,  a  keyboard  scan  loop  56  begins 
by  scanning  the  keyboard  44.  Scan  Keyboard  44  se- 
quentially  scans  the  rows  and  columns  of  the  keyswitch 
array  to  detect  changes  in  the  state  of  the  keyswitches. 
After  Scan  Keyboard  44  is  completed,  the  results  are 
checked  in  block  46.  Control  passes  to  an  Auto  Repeat 
block  52  if  there  have  been  no  changes  in  the  keyswitch- 
es.  If  there  has  been  a  change,  a  control  passes  to  De- 
termine  Key  block  54  to  identify  the  affected  keyswitch. 

Determine  Key  block  54  analyzes  the  changes  to 
determine  what  binary  key  codes,  if  any,  should  be 
transmitted  to  the  computer.  Send  Key  Code,  block  60, 
transfers  the  key  codes.  In  the  typical  case  of  a  single 
keyswitch  press  and  release,  one  unique  key  code  cor- 
responding  to  the  keyswitch  will  be  sent  when  the  key 
is  pressed  and  another  code  when  the  keyswitch  is  re- 
leased. 

The  software  represented  by  Auto  Repeat  52  deter- 
mines  if  it  is  time  to  automatically  repeat  sending  the  key 
code  if  the  keyswitch  remains  pressed.  After  the  key 
codes,  if  any,  have  been  sent,  control  returns  via  loop 
56  to  begin  the  next  keyboard  scan. 

Referring  to  FIG.  4,  a  block  diagram  of  typical  prior 
art  keyboard  software  interface  is  depicted.  In  this  sys- 
tem,  a  computer  keyboard  74  generates  binary  key 
codes  when  the  operator  presses  keyswitches  as  de- 
scribed  above.  Binary  key  codes  are  transmitted  to  the 
computer  via  a  keyboard  communications  link  36.  A  key- 
board  interrupt  handler  72  reads  the  key  codes,  proc- 
esses  them,  and  places  corresponding  character  codes 
into  a  keyboard  queue  70.  Generally,  the  keyboard  in- 
terrupt  handler  72  is  simple,  fast  interrupt  level  software. 

An  application  program  62  is  coupled  to  operating 
system  keyboard  services  66  via  an  interface  64.  In  re- 
sponse  to  requests  by  the  application  program,  the  op- 
erating  system  removes  character  codes  from  the  key- 
board  queue  70,  via  another  interface,  operating  system 
keyboard  queue  interface  68,  and  sends  the  character 
codes  to  the  application  program  62.  Operating  system 
keyboard  services  66  may  examine  the  character  codes 
to  check  for  operating  system  requests  such  as  appli- 
cation  program  termination.  Interfaces  64  and  68  are 
usually  bi-directional  to  enable  the  application  program 
62  to  "put  back"  character  codes  as  needed. 

Operation  of  the  keyboard  interrupt  handler  72  is 
illustrated  in  greater  detail  in  FIG.  5.  Referring  to  FIG. 
5,  a  Read  Hardware  block  76  reads  the  key  codes  from 
the  keyboard  interface  hardware.  Each  such  key  code 

5  is  checked  to  see  if  it  represents  any  of  the  Shift,  Caps 
Lock,  Control  and  ALT  keyswitches.  These  special  cas- 
es  are  tested  in  blocks  78,  82,  86  and  90,  respectively. 
For  each  test,  if  the  test  is  negative,  control  is  passed 
to  the  next  test  in  the  sequence  shown.  If  all  of  the  spe- 

10  cial  case  tests  are  negative,  control  passes  to  Map  to 
Char  block  94  for  mapping  the  keycode.  If  any  of  the 
tests  are  positive,  control  is  passed  to  update  a  corre- 
sponding  one  of  status  blocks  80,  84,  88  and  92,  indi- 
cating  whether  the  special  key  was  pressed  or  released. 

is  Map  to  Char  block  94  uses  a  look-up  table  or  tables 
to  map  the  key  code  to  a  character  code.  The  mapping 
includes  the  current  states  of  the  shift,  caps  lock,  control, 
and  ALT  keys.  This  operation  is  a  simple  pass-through 
mapping.  The  resulting  character  code,  if  any,  is  passed 

20  on  to  Enqueue  block  96.  Generally,  if  the  key  code  rep- 
resents  a  keyswitch  release,  it  is  not  passed  on  to  En- 
queue  software  96.  Enqueue  96  inserts  the  resulting 
character  code  into  a  keyboard  queue  (70  in  FIG.  4). 
After  a  status  update,  or  Enqueue  operation,  as  the  case 

25  may  be,  control  returns  to  the  interrupted  program  in  the 
usual  way,  Return  block  98. 

FIG.  6  is  a  block  diagram  illustrating  the  operation 
of  typical  prior  art  pointing  device  software.  Here,  an  ap- 
plication  program  62  communicates  with  operating  sys- 

30  tem  (OS)  pointing  device  services  software  1  04.  The  ap- 
plication  program  passes  pointing  device  control  infor- 
mation,  such  as  initial  position,  cursor  shape,  cursor  vis- 
ibility,  etc.,  and  receives  pointing  device  state  informa- 
tion  such  as  position  and  button  presses. 

35  The  OS  services  104  in  turn  communicates  with 
pointing  device  driver  interface  software  108  in  accord- 
ance  with  interface  specifications  106.  Driver  interface 
software  108  converts  and  formats  the  particular  point- 
ing  device's  data  to  conform  to  the  interface  1  06.  Point- 

40  ing  device  state  data,  including  information  such  as  cur- 
sor  shape,  visibility,  location  and  pointing  device  button 
status,  are  maintained  in  a  set  of  memory  locations 
called  state  data  114. 

The  pointing  device  driver  interface  software  108 
45  communicates  with  state  data  114  via  an  interface  112 

and  with  low  level  pointing  device  software  118  via  an 
interface  110.  The  low  level  software  118  also  commu- 
nicates  with  state  data  114  through  an  interface  116. 

In  operation,  the  low  level  pointing  device  software 
so  118  reads  data  from  pointing  device  hardware  120  via 

the  pointing  device  communications  link  23.  Software 
1  1  8  modifies  state  data  1  1  4  and  notifies  the  driver  inter- 
face  108  as  needed.  The  low  level  software  118  may 
also  include  software  to  move  the  cursor  on  the  display 

55  terminal  (29  in  FIG.  1) 
FIG.  7  is  a  software  block  diagram  of  a  complete 

computer,  keyboard  and  pointing  device  system  such 
as  that  illustrated  in  FIG.  1.  It  essentially  consists  of  a 

5 
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combination  of  keyboard  software  (see  FIG.  4)  and 
pointing  device  software  (see  FIG.  6).  Accordingly,  the 
details  of  operation  need  not  be  repeated  here. 

It  is  noteworthy  that,  from  the  lowest  to  highest  lev- 
els,  the  data  and  control  paths  between  the  application  s 
program  62  and  the  keyboard  74  are  separate  and  dis- 
tinct  from  the  data  and  control  paths  between  the  appli- 
cation  program  and  the  pointing  device  1  20.  This  sepa- 
ration  of  the  keyboard  and  pointing  device  interfaces  re- 
flects  the  segregation  of  keyboard  and  pointing  device  10 
operations  in  the  user's  mind.  Useful  improvements  in 
the  state  of  this  art  require  careful  consideration  of  a 
computer  user's  thoughts  and  actions,  described  next. 

FIG.  8  is  a  "user  flow  chart"  for  using  a  typical  com- 
puter  system  of  the  type  illustrated  in  FIGS.  1-7.  The  15 
figure  diagrams  the  control  flow  of  a  computer  user's  de- 
cisions  and  actions  while  using  such  a  system.  Referring 
to  FIG.  8,  a  primary  loop  140  begins  with  a  decision 
whether  to  point  or  type,  represented  by  block  122.  If 
the  decision  (mentally)  is  to  type,  a  test  134  is  performed  20 
to  see  if  the  user  is  typing  already.  Test  134  must  be 
performed  to  make  sure  the  hands  and  the  rest  of  the 
user's  body  are  positioned  for  typing.  If  not,  the  user 
moves  their  hands  to  a  typing  position,  (block  1  36)  gen- 
erally  on  the  home  row  of  the  keyboard,  to  begin  typing.  25 
Once  the  hands  and  body  are  properly  positioned,  the 
user  presses  keyboard  keyswitches  to  enter  alpha-nu- 
meric  character  138,  usually  repeatedly. 

If  the  decision  is  made  to  point,  the  user  tests  (men- 
tally)  to  see  if  he  or  she  is  pointing  already,  124.  This  30 
must  be  done  to  make  sure  the  hands  and  the  rest  of 
the  user's  body  are  positioned  for  operating  the  pointing 
device.  If  pointing  already,  the  user  has  merely  to  con- 
tinue.  If  not,  the  user  must  move  their  hands  to  the  point- 
ing  device  126,  and  then  find  the  cursor  on  the  display  35 
screen,  128. 

The  step  of  moving  a  hand  to  the  pointing  device 
includes  whatever  is  required  to  begin  operating  the 
pointing  device  if  the  user's  hands  have  been  typing  on 
the  keyboard.  Generally,  this  includes  moving  a  hand  off  40 
of  the  home  row  of  the  keyboard  to  where  the  pointing 
device  is  located,  grasping  the  pointing  device,  position- 
ing  the  fingers  to  operate  the  pointing  device  event  but- 
tons,  and  repositioning  the  arm  into  a  comfortable  posi- 
tion.  45 

Finding  the  cursor  on  the  display  screen  128  may 
be  as  simple  as  remembering  where  the  cursor  was  last 
seen,  or  coincidentally  having  it  in  the  field  of  view.  Quite 
often,  it  involves  operating  the  pointing  device  and  look- 
ing  for  a  moving  object  on  the  display  screen,  thereby  so 
wasting  time  and  effort. 

Once  a  hand  is  on  the  pointing  device  and  the  cur- 
sor  has  been  located,  the  pointing  device  may  be  oper- 
ated  to  perform  two  types  of  operations  -  "pointing"  and 
"pointing  events".  Pointing  refers  to  moving  the  mouse  55 
1  30  to  reposition  a  cursor.  Pointing  events  are  indicated 
by  pressing  pointing  device  buttons  132,  which  may  in- 
clude  pressing,  holding,  or  releasing  selected  pointing 

37  B1  10 

device  buttons.  Pointing  events  are  used  to  select  text, 
pick  a  menu  item,  and  many  other  functions.  Typical 
pointing  device  operations  may  involve  repeated  point- 
ing  and  pointing  events.  When  there  is  a  break  in  activ- 
ities,  or  when  a  change  in  activities  is  required,  the  user 
effectively  returns  to  the  point  or  type  decision  122  via 
the  primary  loop  140. 

Overview  of  Integrated  Keyboard  and  Pointing 
Device  System 

FIG.  9  is  a  simplified  block  diagram  of  an  integrated 
keyboard  and  pointing  device  ("integrated  keyboard") 
according  to  the  present  invention.  The  new  integrated 
keyboard  includes  an  array  232  of  keyswitches,  of  which 
keyswitch  230  is  an  example.  Direction  sensors  238  are 
embedded  in  the  array  232  to  detect  pointing  informa- 
tion.  Preferably,  the  direction  sensors  are  force  sensors 
coupled  to  one  of  the  keyswitches  in  the  array  to  form  a 
multi-purpose  keyswitch  called  the  pointing  key.  For  ex- 
ample,  where  the  direction  sensors  are  coupled  to  the 
J  key,  the  user  can  input  pointing  information  by  press- 
ing  on  the  J  key  in  the  desired  direction.  An  example  of 
such  a  multi-purpose  keyswitch  is  disclosed  in  U.S. 
4,680,577,  assigned  to  Home  Row,  Inc.,  incorporated 
herein  by  this  reference.  The  J  key  is  preferred  as  the 
pointing  key  because  it  is  located  beneath  the  user's 
right  index  finger  when  the  user's  hands  are  positioned 
on  the  home  row  of  the  keyboard.  How  the  integrated 
system  distinguishes  between  a  user  inputting  direction 
information  versus  merely  entering  the  letter  J  is  de- 
scribed  below. 

A  smaller  and  less  expensive  embodiment  would 
include  four  force-sensitive  resistors  (FSRs)  coupled  to 
the  J  key,  one  FSR  for  sensing  force  in  each  of  the  four 
directions  in  a  plane.  Analog  to  Digital  conversion  cir- 
cuitry  240  includes  electronic  circuitry  for  transforming 
the  FSR  resistances,  analog  information,  to  represent- 
ative  digital  signals.  Analog  to  digital  conversion  is 
known  and  therefore  will  not  be  described  in  detail. 

Analog  to  Digital  circuitry  240  is  coupled  to  the  mi- 
croprocessor  system  234  via  a  path  242.  Microproces- 
sor  system  234  includes  hardware  for  electrically  inter- 
facing  the  array  232  and  A/D  circuitry  240  to  a  micro- 
processor  (not  shown)  within  the  system  234. 

The  integrated  keyboard  and  pointing  device  has  at 
least  two  distinct  modes  of  operation;  a  typing  mode  for 
entering  alpha-numeric  character  data,  and  a  pointing 
mode  for  entering  pointing  information,  such  as  would 
be  input  in  the  prior  art  by  a  separate  pointing  device 
such  as  a  mouse.  Pointing  information  includes  pointing 
direction  information  and  pointing  event  information. 

In  general,  the  microprocessor  system  234  scans 
the  keyswitch  array  232  to  detect  closures  and  openings 
of  keyswitches.  Upon  detection  of  a  closure  or  an  open- 
ing  of  a  keyswitch,  system  234  transmits  a  code  unique 
to  the  actuated  keyswitch  over  a  keyboard  communica- 
tions  link  236.  System  234  also  determines  whether  the 
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sensors  238  must  be  scanned  by  examining  the  se- 
quence  of  keyswitch  closures  and  openings,  or  by  re- 
ceiving  a  message  from  the  computer  system.  If  so,  a 
sensor  scan  is  performed  to  acquire  pointing  direction 
information  from  the  sensors  238,  and  the  pointing  di- 
rection  information  also  is  transmitted  over  link  236.  A 
separate  physical  connection  to  the  computer  for  send- 
ing  pointing  direction  information  is  not  required. 

FIG.  10  is  a  flow  chart  of  operation  of  the  integrated 
keyboard  and  pointing  device  of  FIG.  9.  Referring  to 
FIG.  10,  an  initialization  step  42  tests  the  microproces- 
sor  system  234  (FIG.  9)  and  initializes  the  keyboard  soft- 
ware  state.  Next,  keyboard  scan  loop  56  begins  with 
scanning  the  keyboard  to  determine  the  current  states 
of  the  keyswitches. 

After  scanning  44  is  completed,  the  results  are 
checked  in  step  46  to  determine  if  any  keyswitch  state 
changes  have  occurred.  If  there  have  been  no  changes, 
control  passes  to  an  auto  repeat  step  52.  Auto  repeat 
step  52  functions  as  described  above  with  regard  to  FIG. 
3.  If  there  have  been  changes,  control  passes  to  deter- 
mine  which  keyswitch  state  changed,  step  54.  Step  46 
does  not  indicate  a  changed  condition  until  multiple  key- 
board  scanning  passes  have  been  made  for  software 
keyswitch  debounce. 

Determine  Key  step  54  analyzes  the  changes  to  de- 
termine  what  binary  key  codes,  if  any,  should  be  trans- 
mitted  to  the  computer,  step  60.  In  the  typical  case  of  a 
keyswitch  press  and  release,  one  unique  key  code  cor- 
responding  to  the  keyswitch  will  be  sent  when  the  key- 
switch  is  pressed  and  another  when  the  keyswitch  is  re- 
leased. 

After  the  keyswitch  changes,  if  any,  have  been  proc- 
essed,  a  decision  1  44  determines  if  the  keyboard  oper- 
ating  mode  must  be  changed  between  typing  and  point- 
ing  modes.  This  check  for  mode  change  may  consist  of 
examining  keyswitch  presses  and  releases,  checking 
for  commands  from  the  computer  via  the  communica- 
tions  link  or  checking  for  activation  by  the  user  of  other 
sensors  on  the  keyboard,  such  as  thumbswitches  (de- 
scribed  below). 

FIG.  16  illustrates  a  pair  of  thumbswitches  218  po- 
sitioned  below  the  space  bar  21  4  of  a  keyboard  21  2  for 
indicating  an  operating  mode  change.  The  thumbs- 
witches  218  are  operated  by  sliding  them  in  the  plane 
of  the  keyboard  generally  towards  the  space  bar.  The 
thumbswitches  are  conveniently  placed  and  operated  at 
such  an  angle  as  to  allow  the  natural  movement  of  the 
thumbs  towards  the  other  fingers  to  provide  the  actuat- 
ing  effect. 

The  mode  of  the  integrated  keyboard  and  pointing 
device  may  be  changed  from  typing  to  pointing  by  op- 
erating  a  thumbswitch.  The  effects  on  the  pointing  mode 
are  determined  by  the  next  keyboard  key  pressed.  For 
example,  pointing  mode  may  be  entered  by  operating  a 
thumbswitch,  and  when  the  J  key  is  pressed  to  operate 
the  pointing  device,  the  thumbswitch  may  be  released. 
When  the  J  key  is  released,  the  keyboard  returns  to  typ- 

ing  mode.  Thus,  the  thumbswitch  only  indicates  a  pos- 
sible  entry  into  pointing  mode,  and  not  necessarily  the 
exit  from  pointing  mode.  The  thumbswitches  218  allow 
fast,  natural  operation  without  moving  the  hands  away 

5  from  the  home  row  of  the  keyboard. 
An  appropriate  mode  change  is  made  if  indicated. 

Next,  a  test  for  pointing  mode  146  is  performed  to  de- 
termine  if  pointing  device  processing  must  be  done.  If 
the  current  mode  is  typing,  control  returns  via  loop  56  to 

10  again  scan  the  keyboard  44. 
If  the  current  mode  is  pointing,  the  system  next 

reads  the  direction  sensors  to  acquire  pointing  direction 
data,  and  processes  that  data,  step  148.  Sensor  data 
processing  may  include  amplification,  filtering,  and  non- 

15  linear  transformations.  The  sensor  data  processing  that 
occurs  at  this  point  is  simple  and  fixed  in  nature.  Addi- 
tional  processing  in  the  computer  system  remains  to  be 
done.  When  the  sensor  data  processing  is  completed, 
the  processed  sensor  data  is  sent  to  the  computer  1  50. 

20  In  an  alternative  embodiment,  raw  sensor  data  could  be 
sent  to  the  computer  for  processing,  either  in  real-time 
or  in  packets.  After  the  processed  sensor  data  is  sent, 
control  passes  over  loop  56  to  again  scan  the  keyboard, 
and  the  foregoing  process  is  repeated. 

25  FIG.  11  is  a  block  diagram  of  a  computer  system 
that  includes  the  integrated  keyboard  of  FIGS.  9-10.  At 
the  application  program  (62)  and  operating  system  (66, 
104)  levels,  this  figure  is  similar  to  FIG.  7.  At  the  lowest 
interface  level  however,  all  user  input  is  via  common  "in- 

30  tegrated  interface  software"  162.  This  novel  structure 
enables  additional  control  to  be  performed  and  new  fea- 
tures  implemented,  as  further  described  below.  By  in- 
tercepting  keyboard  and  pointing  device  data  at  the  low- 
est  levels,  new  operations  may  be  provided  which  are 

35  entirely  transparent  to  the  application  program.  Thus, 
the  application  program  "thinks"  the  system  includes  a 
mouse. 

The  computer  system  of  FIG.  11  operates  as  fol- 
lows.  The  integrated  keyboard  1  66  sends  binary  encod- 

40  ed  key  code  and  pointing  device  sensor  data  over  a 
communications  link  236  to  integrated  interface  soft- 
ware  162.  The  integrated  interface  software  162  a  spe- 
cial  interrupt  handler  for  separating  the  data  stream  from 
the  integrated  keyboard  into  keyboard  and  pointing  de- 

45  vice  data  streams.  Integrated  interface  software  162  in- 
cludes  key  code-to-character  code  mapping  software, 
and  additional  pointing  device  data  processing  soft- 
ware,  including  software  to  move  the  cursor  on  the  dis- 
play  screen. 

so  A  key  code  processing  portion  of  the  integrated  in- 
terface  software  162  operates  in  a  manner  similar  to 
keyboard  interrupt  handler  72,  with  additional  software 
to  detect  and  honor  keyboard/pointing  device  mode 
change  requests.  Software  162  inserts  character  codes 

55  into  the  keyboard  queue  70.  Operating  system  keyboard 
services  66  reads  the  queue  70  via  operating  system 
keyboard  queue  operations  68  upon  request  by  the  ap- 
plication  program  62.  The  applications  program  is  linked 
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to  the  OS  keyboard  services  via  an  interface  64. 
A  set  of  memory  locations  called  integrated  state 

data  158  includes  everything  contained  in  the  pointing 
device  state  data  1  1  4  (FIG.  6),  as  well  as  additional  state 
data  to  keep  track  of  operating  modes  (for  example  typ- 
ing  and  pointing)  and  newfeatures  (for  example  variable 
cursor  tracking  controls,  described  below).  Interface 
156  and  particularly  interface  160  likewise  have  addi- 
tional  controls  and  features  as  compared  to  the  corre- 
sponding  interfaces  112  and  116  found  in  a  typical 
-pointing  device  (FIG.  6),  as  required  in  view  of  the  new 
integrated  interface  software  described  below. 

Driver  interface  block  152  provides  a  standard 
pointing  device  interface  as  required  by  OS  (Operating 
System)  pointing  services  104  and  the  application  pro- 
gram  62.  Both  the  interface  between  the  application  pro- 
gram  and  the  operating  system,  and  the  interface  106 
between  the  operating  system  and  the  driver  interface 
152  are  similar  to  a  typical  pointing  device  system  so 
that  operation  of  the  integrated  system  is  transparent  to 
the  OS  and  to  the  application  program. 

Integrated  interface  software  162  communicates 
with  driver  interface  152  as  shown  by  path  154. 

Integrated  Keyboard/Pointing  Device  Interface 
Software 

FIG.  12  is  a  control  flow  diagram  for  the  integrated 
interface  software  1  62.  It  includes  all  the  processing  per- 
formed  by  atypical  keyboard  interrupt  handler  (see  FIG. 
5),  indicated  by  dashed  line  99.  Additionally,  integrated 
interface  software  162  includes  software  to  detect  and 
honor  keyboard/pointing  device  mode  change  requests, 
convert  pointing  device  sensor  data  into  changes  in  cur- 
sor  position,  emulate  pointing  device  buttons  using  key- 
board  keyswitches,  modify  pointing  device  operations 
using  keyboard  keyswitches  as  controls,  and  provide  in- 
tegrated  typing  and  pointing  macro  capabilities  from  a 
pointing  device  using  keyboard  keyswitches  (188). 
Each  of  these  features  is  described  in  turn  below,  in  the 
order  of  control  flow  shown  in  FIG.  12. 

A  Read  Hardware  block  76  reads  binary  key  code/ 
pointing  device  data  provided  over  the  communications 
link  236  (FIG.  11).  Once  the  data  has  been  read,  Check 
Mode  block  167  determines  the  present  mode  (for  ex- 
ample,  typing  or  pointing)  of  the  integrated  keyboard/ 
pointing  device.  Control  transfers  to  Change  Mode?  1  69 
if  the  present  mode  is  typing,  and  to  Change  Mode?  1  70 
if  the  present  mode  is  pointing.  The  typing/pointing 
mode  encompasses  all  other  keyboard  states  (shift, 
caps  lock,  control,  alt),  so  that  typing/pointing  mode  be- 
comes  a  new  mode  "on  top  of"  all  these  conventional 
keyboard  modes,  not  merely  in  addition  to  them. 

Typing  Mode 

Change  Mode?  169  determines  if  the  acquired  key 
code  data  indicates  that  the  user  wishes  to  change  the 

mode  of  the  integrated  keyboard  from  typing  to  pointing. 
This  determination  may  include  checking  for  a  unique 
predetermined  code,  or  a  more  complex  test  based  on 
multiple  previous  codes  and  other  keyboard  modes 

5  (shift,  caps  lock,  control,  alt)  as  well.  If  the  test  deter- 
mines  that  integrated  keyboard  is  to  be  changed  from 
typing  to  pointing  mode,  the  requested  change  is  per- 
formed  in  Change  Mode  168.  Change  Mode  168  in- 
cludes  setting  flags  in  state  data  1  58  (FIG.  11),  changing 

10  the  visual  appearance  of  the  cursor  and  acknowledging 
the  mode  change  to  the  user.  After  the  mode  change  is 
completed,  nothing  more  needs  to  be  done  until  further 
data  is  received,  so  control  is  passed  to  return  from  in- 
terrupt  98. 

is  If  Change  Mode?  169  determines  that  no  change 
of  mode  is  necessary,  the  key  code  is  treated  as  it  would 
be  treated  by  a  typical  keyboard  interrupt  handler.  Thus, 
tests  for  Shift  Key  78,  Caps  Lock  Key  82,  Control  Key 
86,  and  Alt  Key  90  are  performed.  The  status  of  each  of 

20  these  special  keys  80,  84,  88  and  92,  respectively,  are 
updated  as  required.  Map  Key  Code  to  Character  Code 
94,  Enqueue  Character  Code  96,  and  Return  From  In- 
terrupt  98  all  operate  as  in  the  typical  keyboard  interrupt 
handler. 

25 
Pointing  Mode 

If  Check  Mode  167  determines  that  the  integrated 
keyboard  device  is  in  pointing  mode,  a  test  170  is  per- 

30  formed  to  determine  if  the  user  wishes  to  begin  typing 
again.  This  test  may  include  examining  a  single  data 
item,  or  a  more  complicated  test  based  on  conventional 
keyboard  modes  (shift,  caps  lock,  control,  alt)  and  pre- 
vious  binary  key  code/pointing  device  data  items.  If 

35  Change  Mode?  170  determines  the  mode  is  to  be 
changed  to  typing  mode,  the  requested  change  is  per- 
formed  by  Change  Mode  block  172. 

Change  Mode  1  72  may  include  setting  flags  in  state 
data  1  58,  changing  the  visual  appearance  of  the  cursor 

40  and  acknowledging  the  mode  change  to  the  user.  After 
the  requested  mode  change  is  effected,  nothing  more 
needs  to  be  done  until  further  data  is  received,  so  control 
is  passed  to  Return  98. 

If  Change  Mode?  170  determines  that  the  mode  is 
45  to  remain  pointing,  the  next  test  performed  on  the  data 

istotestforcursorpositioningdata,  labeled  Pointing  Da- 
ta?  block  1  74.  This  test  determines  whether  the  data  is 
pointing  device  positioning  data  or  key  code  data.  This 
test  may  include  checking  flags  and  counters  in  state 

so  data  158  as  well  as  testing  bits  within  the  data  itself. 
If  Pointing  Data?  174  determines  that  the  data  is 

cursor  positioning  data,  Update  (cursor)  Position  block 
176  is  performed  to  move  the  cursor  on  the  computer 
display  screen,  update  the  cursor  position  in  the  state 

55  data  158,  and  notify  the  driver  interface  152  (FIG.  11)  of 
the  changes.  Update  Position  176  may  include  cursor 
tracking  algorithms  to  convert  the  cursor  positioning  da- 
ta  into  changes  in  cursor  position.  Upon  completion, 
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control  is  transferred  to  return  from  interrupt  98. 
Cursor  movement  is  effected  as  follows.  The  point- 

ing  data  are  read  (76)  and  the  cursor  repositioned  peri- 
odically,  for  example,  as  driven  by  a  keyboard  clock  in- 
terrupt  operating  at  approximately  18-20  Hz.  The  "cur- 
sor  speed"  apparent  to  the  user  actually  is  proportional 
to  the  magnitude  of  changes  in  cursor  position  each  time 
the  cursor  is  repositioned,  and  the  frequency  of  reposi- 
tioning.  A  change  in  the  clock  speed  will  of  course  result 
in  a  proportional  change  in  apparent  cursor  speed,  so 
the  keyboard  clock  rate  of  a  system  should  be  taken  into 
account  in  cursor  tracking. 

Accordingly,  to  effect  high  apparent  cursor  speed, 
a  given  input  force  is  mapped  to  a  relatively  large 
change  in  cursor  position.  To  "slow"  the  cursor,  changes 
in  position  are  scaled  down. 

The  update  position  or  "tracking"  software  176,  in 
addition  to  responding  to  pointing  data  from  the  key- 
board,  can  also  consider  implicit  speed  controls  implied 
by  the  state  of  the  pointing  event  keys  as  reflected  in  the 
state  data. 

The  tracking  software  also  takes  into  account  the 
explicit  speed  modification  settings,  controlled  by  mod- 
ification  software  184,  the  display  resolution,  as  deter- 
mined  by  the  standard  means  for  the  particular  compu- 
ter  and  display  system,  and  the  display  mode  (character 
cells  or  graphics  pixels)  as  determined  by  the  standard 
means  for  the  particular  computer  and  display  system. 

One  operative  example  of  implementing  the  cursor 
tracking  software  uses  multiple  predetermined  look-up 
tables.  For  instance,  a  set  of  graphics  mode  look-up  ta- 
bles  take  into  account  everything  except  the  implicit 
pointing  event  key  speed  controls  and  the  explicit  speed 
modification  settings  controlled  by  modify  operation 
184.  Two  sets  of  two  graphics  mode  tables  would  be 
provided:  a  horizontal  and  a  vertical  table  set  for  use 
when  the  pointing  event  keys  are  not  pressed,  and  an- 
other  horizontal  and  vertical  set  for  when  the  pointing 
event  keys  are  pressed. 

The  partially  processed  data  from  the  communica- 
tions  link  236  is  used  as  an  index  into  the  appropriate 
table.  The  result  of  this  table  look-up  operation  is  a  cur- 
sor  displacement,  which  may  be  multiplied  by  a  scaling 
factor  determined  by  the  explicit  cursor  speed  controls 
in  modify  operation  184.  After  this  multiplication,  the  dis- 
placement  is  used  as  a  change  in  the  horizontal  or  ver- 
tical  component  of  the  cursor  position.  The  new  cursor 
position  is  then  calculated  by  adding  the  displacement 
to  the  present  position.  After  both  the  horizontal  and  ver- 
tical  coordinates  have  been  recomputed,  the  cursor  im- 
age  is  erased  from  the  present  position  and  redrawn  at 
the  new  position.  Analogous  table  sets  may  be  provided 
for  character  cell  display  modes. 

An  advantage  of  using  different  tables  depending 
on  the  state  of  the  pointing  event  keys  is  that,  with  most 
application  software,  the  pointing  event  keys  in  the  re- 
leased  position  indicates  nothing  important  is  happen- 
ing.  In  this  situation,  the  user  generally  desires  to  move 

the  cursor  as  quickly  as  possible,  to  reduce  the  cursor 
repositioning  time. 

When  a  pointing  event  key  is  pressed,  the  user  is 
indicating  something  specific  and  generally  desires  to 

5  move  the  cursor  in  a  more  controlled  manner.  Speed  is 
important  when  the  event  buttons  are  not  being  pressed, 
and  control  is  important  when  an  event  button  is  being 
pressed.  In  practice,  it  has  been  found  that  an  approxi- 
mately  quadratic  force-to-apparent  cursor  speed  map- 

10  ping  table  works  best  for  fast  cursor  positioning,  and  that 
an  approximately  linear  mapping  table  works  best  for 
more  controlled  cursor  positioning. 

Pointing  Events 
15 

"Pointing  events"  are  input  by  a  user  of  pointing-re- 
lated  information,  usually  other  than  cursor  positioning 
or  directional  information.  For  example,  in  the  prior  art, 
pointing  events  include  pressing  and  releasing  mouse 

20  buttons,  also  referred  to  as  "clicking"  the  mouse  buttons. 
Pointing  events  may  serve  to  select  an  item  associated 
with  the  current  position  of  the  cursor.  Or,  a  pointing 
event  may  signal  a  request  to  move  previously  selected 
text  to  the  current  location  of  the  cursor. 

25  According  to  the  present  invention,  one  or  more  of 
the  keyswitches  in  the  integrated  keyboard  are  desig- 
nated  for  emulating  pointing  events.  These  are  called 
pointing  event  keys.  When  the  integrated  keyboard  is  in 
the  pointing  mode,  actuation  of  one  of  the  pointing  event 

30  keys  is  interpreted  as  a  pointing  event.  This  allows  a  us- 
er  to  input  pointing  events  without  removing  their  hands 
from  the  keyboard.  Preferably,  the  D  and  F  keys,  or  other 
keys  on  the  home  row  of  the  keyboard,  are  so  designat- 
ed  for  emulating  pointing  events,  so  that  all  typing  and 

35  pointing  operations  can  be  conducted  from  the  normal 
typing  position.  This  feature  yields  substantial  time  sav- 
ings  and  ergonomic  advantages  to  a  user  of  the  inte- 
grated  keyboard.  Pointing  event  emulation  is  imple- 
mented  in  the  preferred  embodiment  as  follows. 

40  Referring  again  to  FIG.  12,  if  test  174  determines 
that  the  binary  key  code/pointing  device  data  is  not 
pointing  device  data,  the  data  is  then  known  to  be  key 
code  data.  In  that  case,  control  passes  to  test  178,  to 
test  the  data  for  pointing  device  button  emulation. 

45  |f  the  data  represents  any  of  the  keyboard  keys- 
witches  designated  to  emulate  pointing  device  buttons, 
the  key  code  data  is  passed  on  to  block  180  where  the 
key  code  data  is  converted  to  changes  in  pointing  device 
button  status  and  stored  in  state  data  158  (FIG.  11).  This 

so  information  may  be  used  in  various  ways.  For  example, 
it  may  be  helpful  in  some  applications  to  temporarily 
freeze  cursor  motion  for  a  predetermined  period  of  time 
in  response  to  a  pointing  event,  to  minimize  the  effects 
of  inadvertent  cursor  movement  during  the  pointing 

55  event. 
Software  1  80  thus  emulates  the  use  of  pointing  de- 

vice  event  buttons  such  as  mouse  buttons.  Because 
nearly  any  or  all  of  the  keyswitches  in  the  array  may  be 
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designated  to  emulate  pointing  device  buttons,  the 
number  of  keyswitches  so  designated  is  limited  only  by 
the  number  of  keyswitches  on  the  keyboard.  This  fea- 
ture  provides  for  more  flexibility  in  pointing  operations 
as  compared  to  a  two  or  three  button  stand  alone  point- 
ing  device.  When  the  emulation  actions  180  have  been 
completed,  control  is  passed  to  block  1  84,  where  implicit 
changes  to  the  operation  of  the  pointing  device  are  per- 
formed,  such  as  changing  the  cursor  tracking  algorithm 
depending  on  the  state  of  the  emulated  pointing  device 
buttons. 

Interactive  User  Modification  of  the  Integrated 
Keyboard  System 

Explicit  modification  of  the  integrated  system,  i.e. 
changes  in  operation  requested  by  a  user,  are  described 
next.  If  test  178  determines  that  the  key  code  informa- 
tion  does  not  represent  any  of  the  pointing  event  keys- 
witches,  control  is  passed  to  a  test  182  to  determine 
whether  the  key  code  represents  a  keyswitch  assigned 
to  modify  operation  of  the  pointing  device  or  other  as- 
pects  of  the  integrated  keyboard  system.  Such  keys- 
witches  are  called  modify  operation  keyswitches,  and 
can  perform  various  tasks  further  described  below.  If  the 
key  code  represent  a  modify  operation  keyswitch,  con- 
trol  is  passed  to  modification  software  184.  Modification 
software  184  uses  the  key  code  information  to  modify 
operation  of  the  system  as  requested. 

In  a  system  of  the  type  described,  such  modifica- 
tions  may  include  a  wide  variety  of  changes  to  the  be- 
havior  of  the  system.  The  effects  of  some  of  these 
changes  are  known  in  the  prior  art,  but  known  ways  to 
accomplish  them  are  quite  different  and  far  less  efficient. 
Other  modifications  are  applicable  only  to  the  new,  in- 
tegrated  keyboard  system. 

To  illustrate,  it  is  known  to  change  the  apparent  cur- 
sor  speed  in  a  mouse  system  by  first  exiting  the  appli- 
cation  program,  running  a  special  program  to  alter  cur- 
sor  speed,  and  then  re-entering  the  desired  application 
program.  In  the  integrated  system,  a  single  stroke  of  the 
keyswitch  assigned  the  cursor  speed-up  (or  down)  func- 
tion  accomplishes  the  same  result.  Obviously,  the 
change  is  made  more  quickly  and  without  significant  in- 
terruption  of  the  user's  work.  Importantly,  the  speed  con- 
trol  is  interactive  in  that  the  user  immediately  sees  the 
result  of  the  speed  adjustment.  Further  adjustment  may 
be  made,  immediately,  if  deemed  necessary. 

Another  illustrative  modification  is  changing  the 
condition  to  exit  from  pointing  mode.  In  other  words,  en- 
tering  a  pointing-lock  mode,  in  which  the  user  has  to  do 
more  than  release  the  pointing  key  to  resume  typing 
mode.  For  instance,  pressing  the  space  bar  while  in 
pointing  mode  may  be  arranged  to  enter  a  pointing-lock 
mode,  so  the  system  does  not  exit  pointing  mode,  even 
if  the  J  key  is  released.  The  system  may  return  to  typing 
mode  only  when  the  space  bar  is  pressed. 

Yet  another  use  of  modify  operation  keys  is  to  lock/ 

unlock  or  change  axes  of  the  pointing  device.  I  n  the  past, 
these  changes  have  been  made  by  special  additional 
mouse  buttons,  or  by  running  special  software  at  the  ap- 
plication  level.  Making  these  selections  with  modifica- 

5  tion  keys  is  much  faster  and  less  disruptive. 
Another  example  of  a  system  modifications  which 

may  be  implemented  with  modify  operation  keys  is 
changing  the  cursor  tracking  algorithm.  For  example, 
various  predefined  tracking  algorithms  may  be  provid- 

10  ed,  each  of  which  is  optimized  for  a  particular  applica- 
tion,  e.g.  word  processing,  CAD,  etc.  A  single  keystroke 
selects  the  best  tracking  algorithm  for  cursor  control.  Af- 
ter  the  indicated  modify  operation  is  completed,  control 
is  passed  to  Return  98. 

is  Yet  another  modification  is  to  toggle  the  integrated 
keyboard  between  right  and  left  handed  operation.  For 
example,  in  right-handed  mode  on  a  QWERTY  key- 
board,  the  J  key  is  the  pointing  device  and  the  D  and  F 
keys  are  conveniently  used  as  pointing  event  keys.  Up- 

20  on  switching  to  left-handed  mode,  the  F  key  is  the  point- 
ing  device  and  J  and  K  keys  are  pointing  event  keys. 
This  feature  requires  two  multipurpose  keyswitches 
(disposed  at  F  and  J),  but  otherwise  is  easily  implement- 
ed  in  the  software  by  simply  changing  the  interpretation 

25  of  the  affected  keys  for  pointing  mode.  Thus,  the  test  for 
modify  operation  keys  would  look  for  J  and  K  to  detect 
pointing  events  while  in  left-handed  mode,  but  look  for 
D  and  F  for  the  same  purpose  while  in  right-handed 
mode.  These  examples  merely  begin  to  illustrate  the 

30  functions  available  with  an  integrated  keyboard  system. 
Virtually  all  of  them  may  be  implemented  at  the  lower 
software  levels,  namely  the  interrupt  and  driver  levels, 
so  they  are  transparent  to  the  application  software  and 
the  operating  system. 

35  Another  illustrative  use  of  modify  operation  keys  is 
for  macros.  Macros,  used  as  abbreviations  for  segments 
of  text  and/or  strings  of  program  commands,  are  known. 
In  the  integrated  system,  macros  can  include  a  mix  of 
cursor  motions,  pointing  events  and  keyboard  strokes. 

40  For  example,  a  macro  can  be  set  up  to  move  the  cursor, 
pull  down  a  menu  and  pick  an  item.  This  feature  can 
easily  be  programmed  in  the  integrated  system  environ- 
ment  described  herein. 

If  the  test  for  pointing  device  modification  (1  82)  de- 
45  termines  the  key  code  does  not  represent  any  other 

modification  request,  control  is  passed  to  a  test  for  mac- 
ro  expansion  188.  Macro  Expand  188  determines  if  the 
key  code  is  one  that  is  currently  a  macro  command  in 
need  of  expansion.  If  so,  the  macro  is  expanded  and 

so  control  is  passed  to  Change  Mode?  170  where  the  ex- 
panded  data  is  operated  on. 

If  Macro  Expand  1  88  determines  the  key  code  is  not 
one  that  is  currently  designated  for  macro  expansion, 
control  is  passed  to  a  test  for  typing  emulation,  "Alpha 

55  Emulate"  block  186.  Alpha  Emulate  186  determines  if 
the  key  code  is  currently  being  mapped  backto  a  typing 
operation,  and  if  so,  control  is  passed  to  test  for  shift  key 
"Shift?"  78  and  key  code  processing  continues  as  if  the 
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integrated  device  mode  was  typing  instead  of  pointing. 
This  feature  thereby  effectively  changes  the  device  tem- 
porarily  to  typing  mode  automatically  in  response  to  the 
user  entering  typing  data.  The  user  can  resume  pointing 
activity  without  explicitly  changing  mode.  If  test  1  86  de- 
termines  the  key  code  is  not  currently  being  mapped 
back  to  a  typing  operation,  control  is  passed  to  Return 
98  and  the  key  code  is  effectively  ignored. 

Details  of  implementing  the  foregoing  software  will 
be  apparent  to  those  skilled  in  the  art  in  view  of  this  dis- 
closure.  The  various  features  indicated  as  performed  in 
the  computer,  as  distinguished  from  in  the  integrated 
keyboard,  preferably  are  implemented  in  software  so 
that  they  can  be  employed  on  various  computer  systems 
without  modification  of  the  computer  hardware. 

Operation  of  the  Integrated  System 

FIG.  13  depicts  a  user  flowchart  for  an  integrated 
keyboard  according  to  the  present  invention.  The  figure 
illustrates  the  control  flow  of  the  computer  user's  deci- 
sions  and  actions  while  using  the  integrated  system. 
Once  the  user  has  begun  a  task  requiring  both  typing 
and  pointing  activities,  the  user  must  repeatedly  make 
a  mental  decision  to  point  or  type  1  22.  If  the  decision  is 
to  type,  a  test  to  see  if  the  user  is  typing  already  134 
must  be  performed  to  make  sure  the  mode  of  the  inte- 
grated  device  is  in  typing  mode.  If  not,  a  change  to  typing 
mode  192  must  be  performed  before  typing  can  begin. 
This  mode  change  is  a  simple  action  that  can  be  per- 
formed  with  the  hands  in  the  typing  position  on  the  key- 
board.  Once  the  mode  is  typing,  the  user  proceeds  to 
type  1  38. 

If  the  decision  1  22  is  made  to  point,  a  test  to  see  if 
pointing  already  124  must  be  performed  to  make  sure 
the  integrated  device  is  already  in  pointing  mode.  If  so, 
user  has  merelytocontinue.  If  not,  the  user  must  change 
the  keyboard  to  pointing  mode  1  90  and  notice  the  cursor 
194. 

The  switch  to  pointing  mode  1  90  can  be  performed 
with  the  hands  in  the  typing  position  on  the  keyboard. 
The  cursor  is  easy  to  find  because,  in  response  to  the 
mode  change,  the  system  causes  the  cursor  image  on 
the  display  screen  to  flash,  for  example  by  intermittently 
enlarging  the  cursor  image.  Noticing  the  change  in  cur- 
sor  appearance  is  particularly  easy  because  the  periph- 
eral  vision  of  the  human  eye  is  extremely  well  adapted 
at  noticing  changes  in  brightness  and  movement.  Thus, 
there  is  no  need  to  remember  where  the  cursor  was  last 
seen,  or  coincidentally  have  it  in  the  field  of  view,  or  to 
actuate  the  pointing  device  to  detect  cursor  motion. 

Once  the  integrated  device  is  set  to  pointing  mode, 
the  pointing  device  may  be  operated  1  30  and  useful  ac- 
tions  performed.  Pointing  events  are  indicated  by  press- 
ing,  holding,  or  releasing  keyboard  keys  196.  This  as- 
pect  of  the  integrated  system  allows  the  user  to  indicate 
pointing  events  while  the  hands  remain  in  the  typing  po- 
sition.  Typical  pointing  device  operations  may  involve 

repeatedly  moving  the  cursor  and  pressing  keyswitch- 
es. 

When  there  is  a  break  in  activities,  or  when  a 
change  in  activities  is  required,  the  user  effectively  re- 

5  turns  to  the  decision  to  point  or  type  1  22  via  loop  1  40. 

Cursor  Speed  Control 

FIG.  14  is  a  user  flow  chart  for  changing  the  cursor 
10  speed  using  the  integrated  keyboard.  It  is  assumed,  of 

course,  that  the  system  is  in  the  pointing  mode.  The  user 
starts  out  by  deciding  if  the  cursor  speed  is  acceptable 
1  98  or  if  it  should  be  altered.  If  the  present  speed  is  too 
slow,  the  user  can  increase  it,  pressing  a  predetermined 

is  keyboard  keyswitch  (for  example,  the  R  key)  204.  If  the 
cursor  is  deemed  too  fast,  decelerating  the  cursor  is  like- 
wise  as  simple  as  pressing  a  predetermined  keyboard 
keyswitch  (for  example,  the  V  key)  206.  After  the  appro- 
priate  keyswitch  is  pressed,  the  user  moves  the  cursor 

20  208  to  determine  the  effect  of  the  change,  and  again 
decides  if  the  speed  is  acceptable  198.  If  the  speed  is 
still  not  correct,  the  foregoing  steps  are  repeated. 

Once  the  cursor  speed  is  correct,  control  transfers 
to  Done  210  where  any  speed  modification  keyswitches 

25  that  were  being  pressed  are  released.  This  process  may 
be  continuous:  the  user  has  only  to  press  a  rate  control 
keyswitch,  move  the  cursor  until  the  speed  reaches  the 
desired  rate,  and  release  the  rate  control  keyswitch.  The 
user  thus  obtains  instant  feedback  of  cursor  speed 

30  changes  without  leaving  the  application  program  and, 
indeed,  without  even  moving  a  hand  away  from  the  typ- 
ing  position. 

Mode  Change  Switch 
35 

FIG.  15  illustrates  modification  of  the  space  bar  on 
a  conventional  keyboard  in  accordance  with  the  present 
invention  to  distinguish  being  pressed  towards  the  other 
keys  in  the  keyboard  as  well  as  down  into  the  keyboard. 

40  Space  bar  21  4  is  shown  in  the  conventional  position  be- 
low  and  in  front  of  example  keyboard  keys  212.  Mode 
change  bar  216  is  placed  in  the  front  face  of  space  bar 
21  4  for  ready  operation  by  the  user's  thumbs.  When  the 
hands  are  in  the  typing  position,  the  natural  grasping 

45  action  of  the  thumbs  easily  brings  them  to  push  mode 
change  bar  216  further  into  the  front  of  space  bar  214, 
activating  a  mode  change  keyswitch  mounted  beneath 
the  space  bar. 

Having  illustrated  and  described  the  principles  of 
so  my  invention  in  a  preferred  embodiment  thereof,  it 

should  be  readily  apparent  to  those  skilled  in  the  art  that 
the  invention  can  be  modified  in  arrangement  and  detail 
without  departing  from  such  principles.  In  particular,  but 
without  limitation,  allocation  of  functions  between  hard- 

55  ware  and  software  is  subject  to  wide  variation  depend- 
ing  upon  numerous  design  considerations  for  any  par- 
ticular  application.  The  principles  disclosed  herein  can 
be  implemented  in  many  different  combinations  of  hard- 

11 
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ware  and  software,  as  a  matter  of  design  choices,  with- 
out  departing  from  the  principles  of  the  invention.  We 
claim  all  modifications  coming  within  the  scope  of  the 
accompanying  claims. 

Claims 

1  .  An  integrated  keyboard  and  pointing  device  system 
for  inputting  data  to  a  computer,  the  system  having  10 
a  typing  mode  of  operation  and  comprising: 

a  keyboard  with  an  array  (32,  232)  of  keyswitch- 
es,  one  of  the  keyswitches  having  sensing 
means  (238,  240)  coupled  thereto  for  sensing  15 
lateral  displacements  of  said  one  of  the  keys- 
witches; 
means  (1  62)  for  scanning  the  array  (32,  232)  to 
detect  actuation  of  the  keyswitches  (32);  and 
means  (234)  for  initiating  keycode  signals  for  20 
inputting  alpha-numeric  information  to  the  com- 
puter  on  actuation  of  respective  ones  of  the 
keyswitches  (32)  when  the  system  is  in  the  typ- 
ing  mode, 

25 
characterised  by  the  system  further  compris- 

ing: 

means  (234)  for  selecting  for  the  system  one  at 
a  time  of  said  typing  mode  of  operation  and  a  30 
pointing  mode  of  operation  in  which  at  least  one 
of  said  keyswitches  is  designated  for  effecting 
one  of  a  pointing  event  function  and  a  modify 
operation  function; 
means  (234)  for  effecting  said  one  of  a  pointing  35 
event  function  and  a  modify  operation  function 
on  actuation  of  said  at  least  one  designated 
keyswitch  when  the  system  is  in  the  pointing 
mode;  and 
means  (234)  for  inputting  to  the  computer  when  40 
the  system  is  in  the  pointing  mode  pointing  data 
acquired  from  said  sensing  means  (238,240). 

2.  An  integrated  keyboard  system  according  to  claim 
1  ,  wherein  said  one  of  a  pointing  event  function  and  45 
a  modify  operation  function  is  a  pointing  event  com- 
puter  function,  and  said  means  for  effecting  com- 
prises  means  for  initiating  a  pointing  event  signal 
on  actuation  of  a  said  designated  keyswitch  when 
the  system  is  in  the  pointing  mode.  so 

3.  An  integrated  keyboard  system  according  to  claim 
1  or  2,  wherein  said  one  of  a  pointing  event  function 
and  a  modify  operation  function  is  a  modify  opera- 
tion  function,  and  said  means  for  effecting  compris-  55 
es  means  for  effecting,  on  actuation  of  a  said  des- 
ignated  keyswitch  when  the  system  is  in  the  point- 
ing  mode,  the  corresponding  modify  operation  func- 

tion. 

4.  An  integrated  keyboard  system  according  to  any 
one  of  claims  1  to  3,  wherein  the  keyboard  includes 
a  thumbswitch  (218)  positioned  in  front  of  the  space 
bar  (214). 

5.  An  integrated  keyboard  system  according  to  any 
one  of  claims  1  to  3,  wherein  the  keyboard  includes 
a  switch  (216)  disposed  along  the  front  edge  of  the 
space  bar  (214). 

6.  An  integrated  keyboard  system  according  to  any 
one  of  claims  1  to  5,  wherein  the  pointing  data  com- 
prises  cursor  control  signals  to  position  the  cursor 
on  a  computer  display  terminal. 

7.  A  method  of  inputting  data  to  a  computer  using  an 
integrated  keyboard  and  pointing  device  system 
having  a  typing  mode  of  operation  and  comprising 
a  keyboard  with  an  array  of  alpha-numeric  keys- 
witches,  one  of  the  keyswitches  having  sensing 
means  coupled  thereto  for  sensing  lateral  displace- 
ments  of  said  one  of  the  keyswitches,  the  method 
comprising: 

scanning  the  array  to  detect  actuation  of  the 
keyswitches;  and 
when  system  is  in  the  typing  mode,  initiating 
keycode  signals  for  inputting  alpha-numeric  in- 
formation  to  the  computer  on  actuation  of  re- 
spective  ones  of  the  keyswitches, 

characterised  by  the  system  further  having  a 
pointing  mode  of  operation  in  which  at  least  one  of 
the  keyswitches  is  designated  for  effecting  one  of  a 
pointing  event  function  and  a  modify  operation  func- 
tion,  and  by  the  method  further  comprising; 

when  the  system  is  in  the  pointing  mode,  ef- 
fecting  said  one  of  a  pointing  event  function  and  a 
modify  operation  function  on  actuation  of  said  at 
least  one  designated  keyswitch  and  inputting  to  the 
computer  pointing  data  acquired  from  said  sensing 
means. 

8.  A  method  according  to  claim  7,  wherein  said  one  of 
a  pointing  event  function  and  a  modify  operation 
function  is  a  pointing  event  computer  function,  and 
said  method  comprises,  when  the  system  is  in  the 
pointing  mode,  on  actuation  of  a  said  designated 
keyswitch  initiating  a  pointing  event  signal. 

9.  A  method  according  to  claims  7  or  8,  the  lateral  dis- 
placement  of  said  one  of  the  keyswitches  being  for 
indicating  a  desired  cursor  motion,  the  method  fur- 
ther  comprising: 

processing  the  pointing  data  to  determine  a 

12 
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new  cursor  position;  and 
moving  the  cursor  to  the  new  position  to  effect 
the  desired  cursor  motion. 

10.  A  method  according  to  claim  9,  wherein  said  s 
processing  of  the  pointing  data  includes  mapping 
the  pointing  data  into  changes  in  cursor  position  ac- 
cording  to  a  predetermined  tracking  algorithm. 

11.  A  method  according  to  claim  10  when  dependent  10 
on  claim  8,  wherein  a  first  tracking  algorithm  is  pro- 
vided  for  use  when  a  pointing  event  is  indicated  and 
a  second  tracking  algorithm  is  provided  for  use 
when  a  pointing  event  is  not  indicated,  the  method 
further  comprising:  15 

detecting  an  indication  of  a  pointing  event; 
selecting  the  first  tracking  algorithm  if  a  pointing 
event  is  indicated  and  the  second  tracking  al- 
gorithm  if  a  pointing  event  is  not  indicated;  and  20 
converting  the  pointing  data  according  to  the 
selected  tracking  algorithm  to  form  cursor  dis- 
placement  data. 

creasing  cursor  speed  and  a  second  modify  opera- 
tion  keyswitch  is  designated  for  decreasing  cursor 
speed,  the  apparent  cursor  speed  being  increased 
on  actuation  of  the  first  modify  operation  keyswitch 
and  the  apparent  cursor  speed  being  decreased  on 
actuation  of  the  second  modify  operation  keyswitch. 

18.  A  method  according  to  claim  17,  wherein  the  com- 
puter  stores  predetermined  cursor  speed  index  val- 
ue,  increasing  the  apparent  cursor  speed  includes 
incrementing  the  cursor  speed  index  value,  de- 
creasing  the  apparent  cursor  speed  includes  dec- 
rementing  the  cursor  speed  index  value,  and 
processing  the  pointing  data  includes  converting 
the  pointing  data  to  form  cursor  displacement  data 
and  scaling  the  cursor  displacement  data  propor- 
tional  to  the  cursor  speed  index  value. 

19.  A  method  according  to  any  one  of  claims  16  to  18, 
wherein  the  pointing  mode  may  be  locked,  one  of 
the  modify  operation  keyswitches  being  designated 
for  an  unlock  function,  the  method  further  compris- 
ing: 

12.  A  method  according  to  claim  11  ,  wherein  one  of  the  25 
first  and  second  tracking  algorithms  provides  an  ap- 
proximately  linear  function  of  the  pointing  data  and 
the  other  one  of  the  tracking  algorithm  provides  an 
approximately  quadratic  function  of  the  pointing  da- 
ta.  30 

testing  the  key  code  data  to  detect  actuation  of 
the  pointing  unlock  keyswitch;  and 
responsive  to  actuation  of  the  pointing  unlock 
keyswitch,  changing  the  system  to  the  typing 
mode. 

13.  A  method  according  to  any  one  of  claims  9  to  12, 
wherein  said  processing  of  the  pointing  data  in- 
cludes  looking  up  in  a  predetermined  look-up  table, 
a  cursor  displacement  corresponding  to  the  point-  35 
ing  data. 

14.  A  method  according  to  any  one  of  claims  7  to  13, 
further  comprising  changing  the  visual  appearance 
of  the  cursor  when  the  system  is  changed  between  40 
the  typing  and  pointing  modes  to  acknowledge  the 
mode  change  to  the  user. 

15.  A  method  according  to  any  one  of  claims  7  to  11, 
further  comprising  when  the  system  in  the  pointing  45 
mode,  changing  the  system  to  the  typing  mode  on 
release  of  the  pointing  key. 

16.  A  method  according  to  any  one  of  claims  7  to  15, 
wherein  said  one  of  a  pointing  event  function  and  a  so 
modify  operation  function  is  a  modify  operation 
function,  and  said  method  comprises,  when  the  sys- 
tem  is  in  the  pointing  mode,  on  actuation  of  a  said 
designated  keyswitch  effecting  the  corresponding 
modify  operation  function.  55 

17.  A  method  according  to  claim  16,  wherein  a  first 
modify  operation  keyswitch  is  designated  for  in- 

Patentanspruche 

1  .  Integriertes  Tastatur-  und  Zeigeeinrichtungssystem 
zum  Eingeben  von  Daten  in  einen  Computer,  wobei 
das  System  einen  Schreibmodus  besitzt  und  aus- 
gestattet  ist  mit: 

einer  Tastatur  mit  einer  Anordnung  (32,  232) 
von  Tastenschaltern,  wobei  einer  der  Tasten- 
schalter  eine  daran  gekoppelte  Abtasteinrich- 
tung  (238,  240)  zum  Erfassen  lateraler  Ver- 
schiebungen  dieses  Tastenschalters  aufweist; 
einer  Einrichtung  (162)  zum  Abtasten  der  An- 
ordnung  (32,  232),  urn  die  Betatigung  der  Ta- 
stenschalter  (32)  festzustellen  und 
einer  Einrichtung  (234)  zum  Initiieren  von  Ta- 
stencode-Signalen  zum  Eingeben  alpha-nu- 
merischer  Information  in  den  Computer  auf  Be- 
tatigung  jeweiliger  Tastenschalter  (32)  hin, 
wenn  sich  das  System  im  Schreibmodus  befin- 
det, 

dadurch  gekennzeichnet, 
dal3  das  System  ferner  aufweist: 

eine  Einrichtung  (234),  welche  fur  das  System 
zu  einem  Zeitpunkt  zwischen  dem  Schreibbe- 

13 
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triebsmodus  und  einem  Zeigebetriebsmodus 
auswahlt  und  bei  welcher  mindestens  einer  der 
Tastenschalter  zum  Ausfuhren  einer  von  einer 
Zeigeereignisfunktion  und  einer  Betriebsande- 
rungsfunktion  bestimmt  ist;  s 
eine  Einrichtung  (234)  zum  Ausfuhren  der  ei- 
nen  von  einer  Zeigeereignisfunktion  und  einer 
Betriebsanderungsfunktion  auf  Betatigung  des 
mindestens  einen  bestimmten  Tastenschalters 
hin,  wenn  sich  das  System  im  Zeigemodus  be-  10 
findet  und 
eine  Einrichtung  (234)  zum  Eingeben  von  von 
der  Abtasteinrichtung  (238,  240)  gewonnenen 
Zeigedaten  in  den  Computer,  wenn  sich  das 
System  im  Zeigemodus  befindet.  is 

verwendet  wird,  welches  eine  Tastatur  mit  einer  An- 
ordnung  alpha-numerischer  Tastenschalter  auf- 
weist,  wobei  einer  der  Tastenschalter  daran  ange- 
schlossene  Abtasteinrichtungen  zum  Erfassen  la- 
teraler  Verschiebungen  des  einen  Tastenschalters 
aufweist, 
mit  den  Schritten: 

Abtasten  der  Anordnung,  urn  eine  Betatigung 
der  Tastenschalter  festzustellen  und 
falls  sich  das  System  im  Schreibmodus  befin- 
det,  Initiieren  von  Tastencode-Signalen  zum 
Eingeben  alpha-numerischer  Information  in 
den  Computer  auf  Betatigung  jeweiliger  Ta- 
stenschalter  hin, 

2.  Integriertes  Tastatursystem  nach  Anspruch  1, 
in  welchem  die  eine  von  einer  Zeigeereignisfunkti- 
on  und  einer  Betriebsveranderungsfunktion  eine 
ZeigeereignisComputerfunktion  ist  und  in  welchem 
die  Einrichtung  zum  Ausfuhren  eine  Einrichtung 
zum  Initiieren  eines  Zeigeereignissignals  auf  Beta- 
tigung  eines  der  bestimmten  Tastenschalter  hin  auf- 
weist,  wenn  das  System  sich  im  Zeigemodus  befin- 
det. 

3.  Integriertes  Tastatursystem  nach  Anspruch  1  oder 
2, 
in  welchem  die  eine  von  einer  Zeigeereignisfunkti- 
on  und  einer  Betriebsveranderungsfunktion  eine 
Betriebsveranderungsfunktion  ist,  und  in  welchem 
die  Einrichtung  zur  Ausfuhrung  Einrichtungen  zum 
Ausfuhren  der  entsprechenden  Betriebsverande- 
rungsfunktion  auf  Betatigung  eines  der  bestimmten 
Tastenschalter  hin  aufweist,  wenn  sich  das  System 
im  Zeigemodus  befindet. 

4.  Integriertes  Tastatursystem  nach  einem  der  An- 
spruche  1  bis  3, 
in  welchem  die  Tastatur  einen  vor  der  Leertaste 
(214)  angeordneten  Daumenschalter  (218)  auf- 
weist. 

dadurch  gekennzeichnet, 

dal3  das  System  ferner  einen  Zeigebetriebsmo- 
20  dus  aufweist,  in  welchem  mindestens  einer  der 

Tastenschalter  zum  Ausfuhren  einer  von  einer 
Zeigeereignisfunktion  und  einer  Betriebsveran- 
derungsfunktion  bestimmt  ist  und  dal3  das  Ver- 
fahren,  falls  sich  das  System  im  Zeigemodus 

25  befindet,  ferner  die  Schritte  aufweist: 
Ausfuhren  der  einen  von  einer  Zeigeereignis- 
funktion  und  einer  Betriebsveranderungsfunk- 
tion  auf  Betatigung  des  mindestens  einen  be- 
stimmten  Tastenschalters  hin  und  Eingeben 

30  der  von  der  Abtasteinrichtung  erhaltenen  Zei- 
gedaten  in  den  Computer. 

8.  Verfahren  nach  Anspruch  7, 
in  welchem  die  eine  von  einer  Zeigeereignisfunkti- 

35  on  und  einer  Betriebsveranderungsfunktion  eine 
Zeigeereignis-Computerfunktion  ist  und  in  wel- 
chem  das  Verfahren  die  Initiierung  eines  Zeigeer- 
eignissignals  auf  die  Betatigung  eines  der  bestimm- 
ten  Tastenschalter  hin  aufweist,  wenn  sich  das  Sy- 

40  stem  im  Zeigemodus  befindet. 

9.  Verfahren  nach  einem  der  Anspruche  7  oder  8, 

5.  Integriertes  Tastatursystem  nach  einem  der  An- 
spruche  1  bis  3,  45 
in  welchem  die  Tastatur  einen  entlang  der  Vorder- 
kante  der  Leertaste  (214)  angeordneten  Schalter 
(216)  aufweist. 

6.  Integriertes  Tastatursystem  nach  einem  der  An-  so 
spruche  1  bis  5, 
in  welchem  das  Zeigedatum  Cursor-Steuersignale 
zum  Positionieren  des  Cursors  auf  einem  Compu- 
ter-Anzeigeterminal  aufweist.  10. 

55 
7.  Verfahren  zum  Eingeben  von  Daten  in  einen  Com- 

puter,  wobei  ein  integriertes  Tastatur-  und  Zeigeein- 
richtungssystem  mit  einem  Schreibbetriebsmodus 

wobei  die  laterale  Verschiebung  des  einen  Ta- 
stenschalters  zum  Anzeigen  einer  gewunsch- 
ten  Cursorbewegung  ausgebildet  ist,  wobei 
das  Verfahren  ferner  aufweist:  Verarbeiten  der 
Zeigedaten,  urn  eine  neue  Cursorstellung  zu 
bestimmen,  und 
Bewegen  des  Cursors  zur  neuen  Stellung  hin, 
urn  die  gewunschte  Cursorbewegung  auszu- 
fuhren. 

Verfahren  nach  Anspruch  9, 
in  welchem  das  Verarbeiten  der  Zeigedaten  das  Ab- 
bilden  der  Zeigedaten  in  Anderungen  in  der  Cursor- 
stellung  hinein  gemaB  eines  vorbestimmten  Umre- 
chenalgorithmus  aufweist. 

14 
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11.  Verfahren  nach  Anspruch  10,  falls  abhangig  von 
Anspruch  8, 
in  welchem  ein  erster  Umrechenalgorithmus  zur 
Verwendung  vorgesehen  ist,  wenn  ein  Zeigeereig- 
nis  angezeigt  wird,  und  in  welchem  ein  zweiter  Urn-  s 
rechenalgorithmus  zur  Verwendung  vorgesehen 
ist,  wenn  ein  Zeigeereignis  nicht  angezeigt  wird, 
wobei  das  Verfahren  ferner  aufweist: 

12.  Verfahren  nach  Anspruch  11  ,  20 
in  welchem  einer  der  ersten  und  zweiten  Umre- 
chenalgorithmen  eine  annahernd  lineare  Funktion 
der  Zeigedaten  vorsieht  und  in  welchem  der  andere 
der  Umrechenalgorithmen  eine  annahernd  quadra- 
tische  Funktion  der  Zeigedaten  vorsieht.  25 

13.  Verfahren  nach  einem  der  Anspruche  9  bis  12, 
in  welchem  das  Verarbeiten  der  Zeigedaten  das 
Nachschlagen  einer  der  Zeigedaten  entsprechen- 
den  Cursorverschiebung  in  einer  vorbestimmten  30 
Nachschlagetabelle  aufweist. 

14.  Verfahren  nach  einem  der  Anspruche  7  bis  13, 
welches  ferner  das  Andern  der  sichtbaren  Erschei- 
nung  des  Cursors  aufweist,  falls  das  System  zwi-  35 
schen  dem  Schreibe-  und  dem  Anzeigemodus 
wechselt,  urn  die  Modusanderung  dem  Benutzer  zu 
bestatigen. 

15.  Verfahren  nach  einem  der  Anspruche  7  bis  11  ,  40 
welches  ferner  das  Wechseln  des  Systems  zum 
Schreibmodus  auf  Loslassen  der  Zeigetaste  hin 
aufweist,  falls  sich  das  System  im  Anzeigemodus 
befindet. 

45 
16.  Verfahren  nach  einem  der  Anspruche  7  bis  15, 

in  welchem  die  eine  von  einer  Zeigeereignisfunkti- 
on  und  einer  Betriebsveranderungsfunktion  eine 
Betriebsveranderungsfunktion  ist  und  in  welchem 
das  Verfahren  das  Ausfuhren  der  entsprechenden  so 
Betriebsveranderungsfunktion  auf  Betatigung  des 
einen  bestimmten  Tastenschalters  hin  aufweist, 
falls  sich  das  System  im  Zeigemodus  befindet. 

17.  Verfahren  nach  Anspruch  16,  ss 
in  welchem  ein  erster  Betriebsveranderungs-Ta- 
stenschalter  zum  Erhohen  der  Cursorgeschwindig- 
keit  und  ein  zweiter  Betriebsveranderungs-Tasten- 

schalter  zum  Verringern  der  Cursorgeschwindigkeit 
bestimmt  ist,  wobei  die  sichtbare  Cursorgeschwin- 
digkeit  auf  Betatigung  des  ersten  Betriebsverande- 
rungs-Tastenschalters  hin  erhoht  und  die  sichtbare 
Cursorgeschwindigkeit  auf  Betatigung  des  zweiten 
Betriebsveranderungs-Tastenschalters  hin  ernied- 
rigt  wird. 

18.  Verfahren  nach  Anspruch  17, 
in  welchem  der  Computer  vorbestimmte  Cursorge- 
schwindigkeits-lndexwerte  speichert,  wobei  das  Er- 
hohen  der  sichtbaren  Cursorgeschwindigkeit  das 
Erhohen  des  Cursorgeschwindigkeits-lndexwertes 
miteinschlieBt,  das  Erniedrigen  der  sichtbaren  Cur- 
sorgeschwindigkeit  das  Erniedrigen  des  Cursorge- 
schwindigkeits-lndexwertes  miteinschlieBt  und  das 
Verarbeiten  der  Zeigedaten  das  Umwandeln  der 
Zeigedaten  zum  Bilden  von  Cursorverschiebungs- 
daten  und  das  zum  Cursorgeschwindigkeits-lndex- 
wert  proportionale  Skalieren  der  Cursorverschie- 
bungsdaten  miteinschlieBt. 

19.  Verfahren  nach  einem  der  Anspruche  16  bis  18, 
in  welchem  der  Zeigemodus  gesperrt  werden  kann, 
wobei  einer  der  Betriebsveranderungs-Tasten- 
schalter  fur  eine  Entsperrfunktion  bestimmt  ist,  wo- 
bei  das  Verfahren  ferner  aufweist: 

Testen  des  Tastencode-Datums  zum  Detektie- 
ren  der  Betatigung  des  Zeigeentsperrungs-Ta- 
stenschalters; 
und  Wechseln  des  Systems  zum  Schreibmo- 
dus  hin  als  Reaktion  auf  die  Betatigung  des  Zei- 
geentsperrungs-Tastenschalters. 

Revendications 

1.  Systeme  de  clavier  et  de  dispositif  de  designation 
integre  pour  I'introduction  de  donnees  dans  un  or- 
dinateur,  le  systeme  ayant  un  mode  de  fonctionne- 
ment  par  frappe  au  clavier  et  comprenant  : 

un  clavier  avec  un  ensemble  (32,  232)  de  tou- 
ches,  I'une  des  touches  ayant  un  moyen  de  de- 
tection  (238,  240)  qui  lui  est  associe  pour  de- 
tecter  les  deplacements  lateraux  de  ladite 
touche  ; 

un  moyen  (162)  de  scrutation  de  I'ensemble 
(32,  232)  pour  detecter  I'actionnement  des  tou- 
ches  (32)  ;  et 

un  moyen  (234)  pour  emettre  des  signaux  de 
code  de  touche  permettant  d'entrer  une  infor- 
mation  alphanumerique  dans  I'ordinateur  lors- 
que  I'une  des  touches  respectives  (32)  a  ete  ac- 
tionnee,  le  systeme  etant  en  mode  frappe  au 

Erfassen  einer  Anzeige  eines  Zeigeereignis-  10 
ses; 
Auswahlen  des  ersten  Umrechenalgorithmus, 
falls  ein  Zeigeereignis  angezeigt  wird,  und  des 
zweiten  Umrechenalgorithmus,  falls  ein  Zeige- 
ereignis  nicht  angezeigt  wird,  is 
und  Umwandeln  des  Zeigedatums  gemaB  dem 
ausgewahlten  Umrechenalgorithmus,  urn  Cur- 
sor-Verschiebungsdaten  zu  bilden. 

15 
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clavier, 

caracterise  en  ce  que  le  systeme  comprend 
en  outre  : 

5 
un  moyen  (234)  pour  choisir  pour  le  systeme, 
de  facon  exclusive,  soit  ledit  mode  de  fonction- 
nement  par  frappe  au  clavier,  soit  ledit  mode  de 
fonctionnement  par  designation  dans  lequel 
I'une  desdites  touches  est  designee  pour  effec-  10 
tuer,  soit  la  fonction  designation  d'evenement, 
soit  la  fonction  modification  d'operation  ; 

un  moyen  (234)  pour  effectuer,  soit  ladite  fonc- 
tion  designation  d'evenement  soit  ladite  fonc-  15 
tion  modification  d'operation,  lorsque  ladite  tou- 
che  designee  au  moins  est  actionnee,  lorsque 
le  systeme  est  en  mode  designation  ;  et 

un  moyen  (234)  pour  introduire  dans  I'ordina-  20 
teur,  lorsque  le  systeme  est  en  mode  designa- 
tion,  les  donnees  de  designation  acquises  par 
ledit  moyen  de  detection  (238,  240). 

Systeme  de  clavier  integre  selon  la  revendication  25 
1  ,  dans  lequel  ladite  fonction  choisie,  entre  la  fonc- 
tion  designation  d'evenement  et  la  fonction  modifi- 
cation  d'operation,  est  une  fonction  ordinateur  de 
designation  d'evenement,  et  ledit  moyen  d'execu- 
tion  comprend  un  moyen  d'emission  d'un  signal  de  30 
designation  d'evenement,  sur  actionnement  de  la- 
dite  touche  designee,  lorsque  le  systeme  est  en  mo- 
de  designation. 

Systeme  de  clavier  integre  selon  I'une  ou  I'autre  des  35 
revendications  1  et  2,  dans  lequel  ladite  fonction 
choisie,  entre  la  fonction  designation  d'evenement 
et  la  fonction  modification  d'operation,  est  une  fonc- 
tion  modification  d'operation,  et  ledit  moyen  d'exe- 
cution  comprend  un  moyen  pour  effectuer,  sur  ac-  40 
tionnement  de  ladite  touche  designee,  lorsque  le 
systeme  est  en  mode  designation,  la  fonction  mo- 
dification  d'operation  correspondante. 

Systeme  de  clavier  integre  selon  I'une  quelconque  45 
des  revendications  1  a  3,  dans  lequel  le  clavier  in- 
clut  une  molette  (218)  situee  en  face  avant  de  la 
barre  d'espacement  (214). 

Systeme  de  clavier  integre  selon  I'une  quelconque  so 
des  revendications  1  a  3,  dans  lequel  le  clavier  in- 
clut  un  interrupteur  (216)  situe  le  long  du  bord  fron- 
tal  de  la  barre  d'espacement  (214). 

Systeme  de  clavier  integre  selon  I'une  quelconque  55 
des  revendications  1  a  5,  dans  lequel  les  donnees 
de  designation  comprennent  des  signaux  de  com- 
mande  du  curseur  pour  positionner  le  curseur  sur 

un  ecran  d'ordinateur. 

7.  Methode  d'introduction  de  donnees  dans  un  ordina- 
teur  en  utilisant  un  systeme  de  clavier  et  de  dispo- 
sitif  de  designation  integre  ayant  un  mode  de  fonc- 
tionnement  par  frappe  au  clavier  et  comprenant  un 
clavier  avec  un  ensemble  de  touches  alphanume- 
riques,  I'une  de  touches  ayant  un  moyen  de  detec- 
tion  qui  lui  est  associe  pour  detecter  les  deplace- 
ments  lateraux  de  ladite  touche  specifique,  la  me- 
thode  comprenant  : 

la  scrutation  de  I'ensemble  de  touches  pour  de- 
tecter  I'actionnement  des  touches  ;  et 

lorsque  le  systeme  est  en  mode  frappe  au  cla- 
vier,  remission  de  signaux  de  code  de  touche 
permettant  d'entrer  une  information  alphanu- 
merique  dans  I'ordinateur  lorsque  I'une  des  tou- 
ches  respectives  a  ete  actionnee, 

caracterisee  en  ce  que  le  systeme  dispose  ega- 
lement  d'un  mode  de  fonctionnement  par  desi- 
gnation,  dans  lequel  I'une  au  moins  des  tou- 
ches  est  designee  pour  effectuer  soit  une  fonc- 
tion  designation  d'evenement,  soit  une  fonction 
modification  d'operation,  et  en  ce  que  la  metho- 
de  comprend  en  outre  ; 

lorsque  le  systeme  est  en  mode  designation, 
I'execution  de  facon  exclusive  soit  de  ladite 
fonction  designation  d'evenement,  soit  de  ladi- 
te  fonction  modification  d'operation,  lors  de 
I'actionnement  de  ladite  ou  desdites  touches 
designees,  et  pour  entrer  dans  I'ordinateur  les 
donnees  de  designation  acquises  par  ledit 
moyen  de  detection. 

8.  Methode  selon  la  revendication  7,  dans  laquelle  la- 
dite  fonction  choisie,  entre  la  fonction  designation 
d'evenement  et  la  fonction  modification  d'operation, 
est  une  fonction  ordinateur  de  designation  d'evene- 
ment,  ladite  methode  comprenant,  lorsque  le  sys- 
teme  est  en  mode  designation,  sur  actionnement 
de  ladite  touche  designee,  remission  d'un  signal  de 
designation  d'evenement. 

9.  Methode  selon  I'une  ou  I'autre  des  revendications 
7  et  8,  dans  laquelle  le  deplacement  lateral  de  ladite 
touche  specifique  sert  a  I'indication  du  mouvement 
demande  pour  le  curseur,  caracterisee  en  ce  qu'elle 
comprend  en  outre  : 

le  traitement  des  donnees  de  designation  pour 
determiner  une  nouvelle  position  de  curseur; 
et 

le  deplacement  du  curseur  a  la  nouvelle  posi- 
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tion  pour  effectuer  le  deplacement  de  curseur 
demande. 

10.  Methode  selon  la  revendication  9,  dans  laquelle  le- 
dit  traitement  des  donnees  de  designation  inclut  la  s 
mise  en  correspondance  des  donnees  de  designa- 
tion  avec  les  variations  de  position  du  curseur  con- 
formement  a  un  algorithme  de  poursuite  predeter- 
mine. 

10 
11.  Methode  selon  la  revendication  10,  lorsqu'elle  de- 

pend  de  la  revendication  8,  dans  laquelle  un  pre- 
mier  algorithme  de  poursuite  est  prevu  pour  etre  uti- 
lise  lorsqu'un  evenement  de  designation  est  indique 
et  un  second  algorithme  de  poursuite  est  prevu  pour  15 
etre  utilise  lorsqu'un  evenement  de  designation 
n'est  pas  indique,  la  methode  comprenant 
egalement  : 

12.  Methode  selon  la  revendication  11,  dans  laquelle 
I'un  desalgorithmes,  lepremierou  le  second,  fourn  it 
une  fonction  approximativement  lineaire  des  don-  35 
nees  de  designation,  I'autre  de  ces  algorithmes  de 
poursuite  fournissant  une  fonction  approximative- 
ment  quadratique  des  donnees  de  designation. 

13.  Methode  selon  I'une  quelconque  des  revendica-  40 
tions  9  a  1  2,  dans  laquelle  ledit  traitement  des  don- 
nees  de  designation  comprend  la  recherche,  dans 
un  tableau  de  consultation  predefini,  d'un  deplace- 
ment  de  curseur  correspondant  aux  donnees  de  de- 
signation.  45 

14.  Methode  selon  I'une  quelconque  des  revendica- 
tions  7  a  1  3,  comprenant  egalement  le  changement 
de  I'apparence  visuelle  du  curseur,  lorsque  le  sys- 
teme  bascule  entre  le  mode  frappe  au  clavier  et  le  so 
mode  designation,  pour  informer  I'utilisateur  du 
changement  de  mode. 

15.  Methode  selon  I'une  quelconque  des  revendica- 
tions  7  a  1  1  ,  comprenant  egalement,  lorsque  le  sys-  55 
teme  est  en  mode  designation,  le  passage  du  sys- 
teme  au  mode  frappe  au  clavier  lors  du  relachement 
de  la  touche  de  designation. 

16.  Methode  selon  I'une  quelconque  des  revendica- 
tions  7  a  15,  dans  laquelle  ladite  fonction  choisie, 
entre  la  fonction  designation  evenement  et  la  fonc- 
tion  modification  d'operation,  est  une  fonction  mo- 
dification  d'operation  et  ladite  methode  comprend, 
lorsque  le  systeme  est  en  mode  designation,  sur  ac- 
tionnement  de  ladite  touche  designee,  I'execution 
de  la  fonction  modification  d'operation  correspon- 
dante. 

17.  Methode  selon  la  revendication  16,  dans  laquelle 
une  premiere  touche  modification  d'operation  est 
designee  pour  augmenter  la  vitesse  du  curseur  et 
une  seconde  touche  modification  est  choisie  pour 
diminuer  la  vitesse  du  curseur,  la  vitesse  apparente 
du  curseur  etant  augmentee  en  actionnant  la  pre- 
miere  touche  modification  d'operation,  et  la  vitesse 
apparente  du  curseur  etant  diminuee  en  actionnant 
la  seconde  touche  modification  d'operation. 

18.  Methode  selon  la  revendication  17,  dans  laquelle 
I'ordinateur  memorise  la  valeur  de  consigne  prede- 
fine  pour  la  vitesse  du  curseur,  I'augmentation  de 
la  vitesse  apparente  du  curseur  comprenant  I'incre- 
mentation  de  la  valeur  de  consigne  predefinie  pour 
la  vitesse  du  curseur,  la  diminution  de  la  vitesse  ap- 
parente  du  curseur  comprenant  la  decrementation 
de  la  valeur  de  consigne  predefinie  pour  la  vitesse 
du  curseur,  et  le  traitement  des  donnees  de  desi- 
gnation  comprenant  la  conversion  des  donnees  de 
designation  pour  constituer  les  donnees  de  depla- 
cement  du  curseur  et  la  mise  a  I'echelle  des  don- 
nees  de  deplacement  du  curseur  proportionnelle- 
ment  a  la  valeur  de  consigne  de  vitesse  du  curseur. 

19.  Methode  selon  I'une  quelconque  des  revendica- 
tions  16  a  18,  dans  laquelle  ledit  mode  designation 
peut  etre  verrouille,  I'une  des  touches  modification 
d'operation  etant  designee  pour  une  fonction  de  de- 
verrouillage,  la  methode  comprenant  egalement  : 

le  test  des  donnees  de  code  de  touche  pour  de- 
terminer  I'actionnement  de  la  touche  de  desi- 
gnation  deverrouillee  ;  et 

en  reponse  a  I'actionnement  de  la  touche  de 
designation  deverrouillee,  le  passage  du  sys- 
teme  en  mode  frappe  au  clavier. 

la  detection  de  I'indication  d'un  evenement  de  20 
designation  ; 

la  selection  du  premier  algorithme  de  poursuite 
si  un  evenement  de  designation  est  indique,  ou 
du  second  algorithme  de  poursuite  si  un  eve-  25 
nement  de  designation  n'est  pas  indique  ;  et 

la  conversion  des  donnees  de  designation  con- 
formement  a  I'algorithme  de  poursuite  choisi, 
pour  etablir  les  donnees  de  deplacement  du  30 
curseur. 

17 
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